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ABSTRACT 
Blastocystis is a common intestinal parasite infecting humans and different animal 
species. The purpose of this study was to investigate the molecular epidemiology of 
Blastocystis infection in Malaysia and Libya, and to investigate the occurrence of 
Blastocystis sp. in water sources from Malaysia. Two groups of stool samples were 
collected from 300 primary schoolchildren in Pahang, Malaysia and 380 outpatients 
attending the Central Laboratory in Sebha, Libya. While for water, a total of 65 samples 
were collected from different water sources in the study areas of Pahang, Malaysia. The 
stools and water samples were processed accordingly and were subjected to in vitro 
cultivation in Jones’ medium followed by PCR, cloning, sequencing. The DNA 
sequences were phylogenetically analyzed using the neighbor-joining method. The 
questionnaire data of demographic, socio-economic, environmental and personal 
hygiene factors associated with intestinal parasitic infections were also analyzed. 
In Malaysia, the overall prevalence of Blastocystis infection among rural primary 
schoolchildren was 25·7%. Univariate and multivariate analyses showed that the 
absence of a piped water supply (OR = 3·13; 95% P < 0·001) and low levels of 
mothers’ education (OR = 3·41; P < 0·01) were the significant predictors of Blastocystis 
infection. Phylogenetic analysis revealed that Blastocystis isolates were classified into 
three distinct subtypes (ST); ST3 (39.4%) followed by ST1 (36.4%) and ST2 (18.2%) 
while 6.0% of the isolates were mixed subtype infections. ST1 was more common 
among schoolchildren aged 10 years (P = 0.012), those who lack piped water supply 
(P = 0.026) and toilet facility (P = 0.037) in their households. While ST3 infection was 
more common among schoolchildren aged >10 years (P = 0.042).  
As for water samples, it was found to be 92.3% (60/65) were contaminated with 
Blastocystis species. These were 32.3% in river water, 27.7% tap water, 16.9% rain 
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water storage and 15.4% wells. The most predominant Blastocystis subtype was ST4 
(80.4%) followed by ST1 (19.6%). Nucleotide sequences of Blastocystis ST1 from 
water samples were 100% identical to that of Blastocystis found in schoolchildren 
providing molecular-based evidence supporting waterborne potential of Blastocystis. 
While in Libya, the overall prevalence of Blastocystis infection among outpatients was 
22.1%. The prevalence was significantly higher among males (P = 0.036) and patients 
aged ≥18 years (P < 0.001). Univariate analysis showed significant associations 
between Blastocystis infection and the occupational status (P = 0.017), family size (P = 
0.023) and educational level (P = 0.042). Multivariate analysis confirmed that the age of 
≥ 18 years (OR = 5.7; P = 0.001) and occupational status (OR = 2.2; P = 0.045) as 
significant predictors of Blastocystis infection. The prevalence of gastrointestinal 
symptoms among Blastocystis-infected patients was higher compared to uninfected 
patients (P < 0.001). The most common symptoms were abdominal pain (76.4%), 
flatulence (41.1%) and diarrhea (21.5%). Phylogenetic analysis revealed that 
Blastocystis isolates were assembled under three subtypes; ST1 (51.1%) followed by 
ST2 (24.4%), ST3 (17.8%) and mixed subtype infections (6.7%). ST1 infection was 
significantly associated with female gender (P = 0.009) and educational level (P = 
0.034). ST2 was also significantly associated with low level of education (P = 0.008) 
and ST3 with diarrhoea (P = 0.008).  
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ABSTRAK 
Blastocystis adalah sejenis parasit usus yang selalu menjangkiti manusia dan beberapa 
jenis haiwan. Tujuan penyelidikkan ini adalah untuk mengkaji epidemiologi molekul 
terhadap jangkitan Blastocystis di Malaysia dan Libya, serta kewujudan Blastocystis 
didalam sumber air dari Malaysia. Dua kumpulan sampel tinja manusia telah dikutip 
dari 300 murid sekolah rendah, di Pahang, Malaysia, dan 380 dari pesakit luar yang 
menghadiri Makmal Central di bandar Sebha, Libya. Manakala untuk air, sejumlah 65 
sampel telah dikutip dari beberapa sumber air dipersekitaran kawasan kajian ini di 
Pahang, Malaysia. Sampel-sampel tinja dan air ini masing-masing diproses untuk kultur 
in vitro didalam medium Jones’ dan seterusnya diikuti dengan PCR, pengklonan dan 
pengturutan DNA. Turutan DNA yang diperolehi ini kemudiannya dianalisasi 
pilogenetik dengan penggunaan cara “neighbor-joining”. Manakala untuk data-data 
soalan mengenai faktor demografik, social-ekonomi, alamsekitar dan kebersihan diri 
yang mempunyai hubungan dengan jangkitan parasit usus ini juga dianalisasikan. 
Di Malaysia, keseluruhan penyebaran jangkitan Blastocystis terhadap murid-murid 
sekolah rendah adalah 25·7%. Analisa Univariat dan multivariat menunjukkan bahawa 
ketiadaan kemudahan air paip (OR = 3·13; 95% P < 0·001) dan ibu yang berpendidikan 
rendah (OR = 3·41; P < 0·01) adalah ramalan bermakna bagi jangkitan Blastocystis. 
Analisa pilogenetik menunjukkan bahawa isolat-isolat Blastocystis ini digolongkan 
dibawah tiga sub-jenis (ST) yang berbeza iaitu ST3 (39.4%) diikuti dengan ST1 
(36.3%) dan ST2 (18.2%), manakala 6.1% menunjukkan infeksi dari percampuran sub-
jenis. Kehadiran sub-jenis ST1 adalah ketara dikalangan murid-murid yang berumur 
10 tahun (P = 0.012), yang mana berasal dari persekitaran perumahan yang tiada 
kemudahan air paip (P = 0.026) dan tandas (P = 0.037). Manakala jangkitan ST3 pula 
adalah lebih ketara terhadap murid-murid yang berumur  > 10 tahun (P = 0.042). 
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Bagi sampel air, ianya merangkumi 92.3% (60/65) dicemari oleh parasit Blastocystis. 
Kehadiran Blastocystis adalah 32.3% dari air sungai, 27.7% dari air paip, 16.9% dari air 
takongan hujan dan 15.4% dari air perigi. Blastocystis sub-jenis ST4 (80.4%) adalah 
dominan dimana sering dijumpai didalam sampel air, diikuti oleh ST1 (19.6%). Selain 
daripada itu, turutan nukleotid Blastocystis ST1 dari sampel air dan dari najis murid 
sekolah adalah homologi dengan tahap identity sebanyak 100%, yang mana memberi 
penjelasan yang parasit Blastocystis berpotensi sebagai pembawaan air. 
Di Libya, keseluruhan penyebaran jangkitan Blastocystis terhadap pesakit luar adalah 
22.1%. Penyebaran jangkitan ini didapati mempunyai siknifikan yang tinggi dikalangan 
orang lelaki (P = 0.036) yang berumur ≥18 tahun (P < 0.001). Analisa univariat 
menunjukkan perhubungan yang bermakna diantara infeksi Blastocystis dengan status 
pekerjaan (P = 0.017), bilangan keluarga (P = 0.023) dan tahap pendidikan (P = 0.042). 
Analisa multivariat mengesahkan bahawa umur  ≥ 18 tahun (OR = 5.7; P = 0.001) dan 
status pekerjaan (OR = 2.2; P = 0.045) adalah ramalan bermakna bagi jangkitan 
Blastocystis. Bagi penyebaran simptom-simptom gastrousus pula, ianya didapati tinggi 
dikalangan pesakit yang diinfeksi oleh Blastocystis berbanding dengan mereka yang 
tiada infeksi (P < 0.001). Simptom yang paling ketara adalah sakit abdomen (76.4%), 
keflatulenan (41.1%) dan cirit-birit (21.5%). Analisa pilogenetik menunjukkan bahawa 
isolat-isolat Blastocystis ini telah digolongkan dibawah tiga sub-jenis iaitu ST1 (51.1%), 
diikuti dengan ST2 (24.4%), ST3 (17.8%) dan selanjutnya adalah infeksi dari 
percampuran sub-jenis (10.7%). Infeksi ST1 menunjukkan perhubungan yang bermakna 
terhadap jantina perempuan (P = 0.009) dan tahap pendidikan (P = 0.034). Infeksi ST2 
menunjukkan perhubungan yang bermakna tahap pendidikan (P = 0.008). ST3 
menunjukkan hubungan bermakna dengan simptom gastrousus (P = 0.008). 
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CHAPTER I 
GENERAL INTRODUCTION 
 
1.1 BACKGROUND 
Blastocystis sp. is a common enteric protozoan parasite of humans and many animals. 
Despite many years of debate since the first description of the genus Blastocystis 
(Alexeieff, 1911; Brumpt, 1912), only few issues about this organism have been 
satisfactorily resolved. Substantial progress has been made in the description of the 
morphology of Blastocystis sp. (Boreham & Stenzel, 1993; Stenzel & Boreham, 1996), 
but relatively little is currently known regarding the mode of transmission and life 
cycle. Although the taxonomy of Blastocystis sp. has only recently been resolved 
(Silberman et al., 1996; Arisue et al., 2002), debate continues on the pathogenic 
potential of this fascinating parasite. 
Blastocystis sp. shows great morphological diversity that has made studies of its 
cell biology challenging. Four main morphological forms have been described: 
vacuolar, granular, ameboid, and cystic forms. The vacuolar form (4 to 15 µm) is the 
most common type seen in stool specimens and in culture medium (Stenzel & Boreham, 
1996). The granular form (6.5 to 80 µm) is rarely seen in stool, but it is also found in 
culture medium (Zierdt, 1991; Stenzel & Boreham, 1996). The amoeboid form (2.6 to 
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7.8 µm) rarely found in culture and is present only in small numbers in stool (Dunn et 
al., 1989; Tan et al., 2001; Tan & Suresh, 2006b). The cystic form (2-5 µm) is found in 
faeces and occasionally in laboratory cultures (Zaman et al., 1995; Moe et al., 1996; 
Chen et al., 1999; Moe et al., 1999). Cyst is the most resistant form of the parasite and 
is able to survive in unfavourable conditions due to its thick cyst wall (Moe et al., 
1996). 
Blastocystis sp. is strictly anaerobic organism although the presence of 
organelles called mitochondria-like organelles (MLOs) which have metabolic properties 
of both aerobic and anaerobic mitochondria (Zierdt, 1991; Stechmann et al., 2008; 
Wawrzyniak et al., 2008). The exposure to oxygen and changes in tonicity of medium 
may adversely affect its morphology. The organism isolated from human faecal material 
grows in culture optimally at 37
⁰
C and at neutral pH (Zierdt et al., 1967).  
The life cycle of Blastocystis sp. remains elusive and a number of life cycles 
have been proposed, although controversy about the modes of division of the organism 
has always existed. This may be due to the lack of a suitable animal model, and the use 
of light microscopy alone which has limitations and can lead to inaccurate 
interpretations (Tan et al., 2002). Different modes of division other than binary fission 
have been suggested by several reports including plasmotomy (Tan & Suresh, 2007), 
endodygeny (Zhang et al., 2007) or schizogony (Singh et al., 1995). These are more 
likely due to the pleomorphic nature of the organism and not true modes of reproduction 
(Tan, 2008).Until additional supportive data obtain, the only plausible mode of 
reproduction is binary fission.  
Blastocystis sp.is transmitted by the faecal-oral route through ingestion of water 
or food contaminated with the cysts (Taamasri et al., 2000; Yoshikawa et al., 2004c). 
Waterborne transmission of Blastocystis sp. has been indicated in several studies and 
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the infection has been linked to the consumption of untreated water (Li et al., 2007a; 
Leelayoova et al., 2008; Lee et al., 2012b). This is not surprising since the transmissible 
form of the parasite is the water-resistant cyst (Tan, 2008). The cysts are resistant to 
lysis by water, are able to survive in water up to 19 days at room temperature, but are 
fragile at extremes of heat and cold, and in common disinfectants (Zaman et al., 1995; 
Moe et al., 1996).  
At the molecular level, Blastocystis sp. exhibits considerable genetic 
heterogeneity that has been observed among numerous isolates from both humans and 
animals (Clark, 1997; Arisue et al., 2003; Yoshikawa et al., 2003a; Abe, 2004; Noël et 
al., 2005; Yoshikawa et al., 2009; Petrášová et al., 2011; Stensvold et al., 2012). A 
number of molecular techniques have been applied to study the genetic diversity of 
Blastocystis sp. such as polymerase chain reaction (PCR) restriction fragment length 
polymorphism (RFLP) (Böhm‐Gloning et al., 1997; Clark, 1997; Init et al., 2007), PCR 
followed by dideoxy sequencing (Arisue et al., 2003; Abe, 2004) and PCR with 
subtype-specific (sequence-tagged site [STS]) primers (Yoshikawa et al., 1998; 2003a). 
This considerable genetic divergence among isolates was subsequently confirmed by 
molecular phylogenies inferred from small subunit (SSU) rRNA gene sequences 
(Arisue et al., 2003; Abe, 2004; Noël et al., 2005; Scicluna et al., 2006). Based on these 
studies, Blastocystis sp. could be unambiguously placed within nine distinct groups that 
exhibited sufficient genetic diversity to be classified as separate species. Blastocystis 
isolates from humans have, until now, been designated Blastocystis hominis, whereas 
those isolated from other animals have usually been named Blastocystis sp. However, 
based on a consensus terminology, Blastocystis isolates from humans, mammals, and 
birds were designated Blastocystis sp. and assigned to one of nine subtypes (ST1 to 
ST9) (Stensvold et al., 2007b). To date, all subtypes (ST) found in mammals and birds 
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can be found in humans, suggesting that animals may serve as a large potential reservoir 
for infections in humans. 
Blastocystis sp. has been isolated from a wide range of hosts including primates, 
pigs, rodents, birds, reptiles, amphibians and even insects like the cockroaches, 
highlighting both its low host specificity and zoonotic potential. Indeed, a higher risk of 
infection has been found in humans with close animal contact such as zookeepers and 
abattoir workers (Salim et al., 1999; Parkar et al., 2007). Therefore, the potential for 
possible zoonotic transmission exists and it is plausible that some strains of Blastocystis 
sp. may cross the species barrier. Blastocystis sp. isolates from humans and other 
animals have been reported to be morphologically indistinguishable. Moreover, the high 
similarity or even identical sequences of Blastocystis suggests the transmission of some 
isolates between humans and a wide range of animals (Parkar et al., 2007; Rivera, 2008; 
Stensvold et al., 2009a; Parkar et al., 2010). Interestingly, some subtypes have been 
identified in both humans and animals. For instance, ST1 and ST2 have been isolated 
from humans (Souppart et al., 2009; Meloni et al., 2011; Forsell et al., 2012; Alfellani 
et al., 2013b), various mammals(Noël et al., 2005; Stensvold et al., 2009a), primates, 
and pigs (Abe et al., 2003c; Thathaisong et al., 2003). While ST4, ST5 and ST6 and 
ST7 were found in humans (Yakoob et al., 2010b; Lee et al., 2012a; Moosavi et al., 
2012) as well as rodents (Noël et al., 2003), cattle and pigs (Yan et al., 2007; Stensvold 
et al., 2009a) and birds (Noël et al., 2003; Yoshikawa et al., 2004a) respectively. 
Blastocystis infections have a worldwide distribution. This parasite has been 
found to be the most commonly parasite isolated from the human gastrointestinal tract 
(Clark, 2000; Sohail & Fischer, 2005). The prevalence of Blastocystis infection varies 
widely from country to country and within various communities of the same country. In 
general, higher prevalence of Blastocystis infection was reported in developing 
countries compared to developed countries (Stenzel & Boreham, 1996; Tan, 2008). The 
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increased prevalence in developing countries was presumably due to poor personal and 
environmental hygiene and consumption of contaminated food and/or water (Sohail and 
Fischer, 2005). The prevalence can be low with values of 1.0% and 3.3% among 
healthy individuals in Japan (Hirata et al., 2007) and Singapore (Wong et al., 2008) 
respectively, or can be as high as 40–60% in developing countries such as Brazil 
(40.9%) (Aguiar et al., 2007), Philippines (40.7%) (Baldo et al., 2004), and Indonesia 
(60%) (Pegelow et al., 1997). Reported risk factors associated with Blastocystis sp. 
include poor hygiene, consuming untreated water, close contact with animals, and travel 
to tropical areas (Sohail & Fischer, 2005). 
Recent surveys which applied PCR-based genotyping techniques have studied 
the distributions of Blastocystis subtypes among human populations and animal hosts 
and provided information on transmission routes (Yoshikawa et al., 2004b; Domínguez-
Márquez et al., 2009; Souppart et al., 2009; Tan et al., 2009; Meloni et al., 2011; 
Forsell et al., 2012). Collectively, those studies indicated that ST3 followed by ST1 are 
the predominant in human infection. Other genotypes including ST2, ST4, ST6, ST7, 
ST8, and ST9 have been isolated from humans, but in decreasing frequency. 
Furthermore, the predominant ST3 has been suggested to be the only subtype of human 
origin, while the remaining subtypes were zoonotic. Although the majority of 
Blastocystis-infected individuals seem to harbour a particular distinct subtype, but 
mixed infections involving ST1& ST3 and ST1& ST2 combinations are reported 
occasionally (Li et al., 2007a; Li et al., 2007b; Souppart et al., 2009; Souppart et al., 
2010; Meloni et al., 2011). 
The pathogenic role of Blastocystis sp. in humans has been a subject of much 
debate to date as Blastocystis sp. is frequently found not only in individuals with enteric 
symptoms but also in apparently healthy and asymptomatic subjects. Several research 
issues, including a lack of standardization across studies, existence of genetic and 
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biologic heterogeneity, and the lack of a suitable animal model have led to 
disagreements concerning the role of Blastocystis sp. in human disease, and the 
importance of treating it (Boorom et al., 2008; Stensvold et al., 2009c; Scanlan, 2012). 
However, accumulating evidence from recent studies suggested that the clinical 
outcome of an infection might depend on parasite subtype (Clark, 1997; Kaneda et al., 
2001; Hussein et al., 2008; Jones et al., 2008; Dogruman-Al et al., 2009; Domínguez-
Márquez et al., 2009). Moreover, the controversy surrounded its pathogenic potential 
may attribute to subtype variations in virulence that may explain the variability in 
symptoms observed in Blastocystis patients. Several recent reports suggested that ST1, 
ST4, and ST7 were pathogenic (Yan et al., 2006; Domínguez-Márquez et al., 2009; 
Eroglu et al., 2009), whereas ST2 and ST3 consist of non-pathogenic and pathogenic 
parasites (Dogruman-Al et al., 2008; Tan et al., 2008). Hence, infection with 
Blastocystis sp. is believed to be associated with gastrointestinal symptoms including 
acute or chronic diarrhoea, abdominal pain, flatulence, anorexia, nausea and vomiting 
(Qadri et al., 1989; Zaki et al., 1991; Yakoob et al., 2004; El-Shazly et al., 2005; 
Rossignol et al., 2005; Kaya et al., 2007; Tasova et al., 2000). Beside, this parasite may 
also play a significant role in several chronic gastrointestinal illnesses such as irritable 
bowel syndrome (Boorom et al., 2008; Jimenez-Gonzalez et al., 2012). Interestingly, 
there are also accumulating reports of the association of Blastocystis sp. with cutaneous 
lesions, particularly urticaria (Katsarou-Katsari et al., 2008; Zuel-Fakkar et al., 2011) 
suggesting that Blastocystis sp. can cause a variety of disorders, not necessarily 
confined to the intestinal tract. 
1.2 JUSTIFICATION OF THE STUDY 
Intestinal parasitic infections are still causing major health problems among the 
impoverished and under privileged communities in rural Malaysia. The intestinal 
protozoan infection rates in Malaysia vary between 18.8% and 91.4% (Noor Azian et 
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al., 2007; Lim  et al., 2009). The prevalence rate of intestinal parasites is higher among 
children and in some rural populations especially among aborigines. The high 
prevalence rate of these infections is facilitated by poverty, poor personal hygiene 
practice, poor environmental sanitation, low level of education, and lack of access to 
safe water. 
Although several studies had been conducted on Blastocystis sp. infection in 
Malaysia and Libya, epidemiological information including data on the predictors of 
infection is still lacking. Indeed, there was only one molecular study carried out on 
Blastocystis sp. in Libya and few molecular studies have been done on Blastocystis sp. 
in Malaysia. Therefore, very little has been known about the genetic diversity of 
Blastocystis sp., the distribution of different subtypes, and risk factors associated with 
Blastocystis subtypes.  
This study was conducted on different populations of which from Malaysia and 
Libya to investigate the variations in the prevalence of Blastocystis sp. and the 
distribution of different subtypes in both countries. The two countries are located in 
very different geographic regions where climates, cultures, and ecological conditions 
are also different; therefore, such variations in the prevalence of Blastocystis sp. and 
subtypes are more likely to exist between both countries. The differences may reflect 
divergences in local living conditions and customs. It is hoped that the results of the 
study will provide useful epidemiological and molecular data and an insight into 
whether such variations influence the prevalence of Blastocystis sp. and subtypes 
distribution. 
In Malaysia, there is an increasing concern about Blastocystis sp. infection, and 
previous studies have shown that Blastocystis sp. is prevalent among urban and rural 
people and in water of rivers from recreational areas (Rajeswari et al., 1994; Sinniah & 
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Rajeswari, 1994; Suresh et al., 2001; Hakim et al., 2007; Noor Azian et al., 2007; Ithoi 
et al., 2011; Sinniah et al., 2012). Studies carried out in various aboriginal communities 
showed that the prevalence rate of Blastocystis sp. ranged from 5.2% to 52.3% (Hakim 
et al., 2007; Noor Azian et al., 2007; Sinniah et al., 2012). So far, very little information 
is available on the epidemiology of Blastocystis sp. and there is no previous study on 
the potential risk factors of this infection in Malaysia. 
A few studies have focused on the genetic diversity of Blastocystis sp. and the 
distribution of different subtypes. Tan et al. (2008) investigated the genetic diversity of 
Blastocystis sp. among symptomatic and asymptomatic individuals and three different 
subtypes of Blastocystis sp. were identified, subtype 3 (50.0%) which was the 
predominant followed by subtype 1 (45.0%) and subtype 2 (5.0%). In another study, 
Blastocystis sp. subtypes 1 to subtype 4 were found among HIV and cancer patients 
(Tan et al., 2009). Since most of the studies were focused on hospitalized patients, the 
present study aimed at investigating the prevalence and associated risk factors, and 
molecular characterization of Blastocystis sp. among schoolchildren in rural aboriginal 
communities in Pahang state, Malaysia. 
In a worldwide review on waterborne outbreaks of parasitic protozoan 
infections, Karanis et al. (2007) documented 325 outbreaks since the 1950s and 
revealed that Giardia and Cryptosporidium accounted for the majority of outbreaks 
followed by Entamoeba, Cyclospora, Toxoplasma, Microsporidia while Blastocystis sp. 
has been responsible for two outbreaks out of the whole reported outbreaks. To date, 
there have been relatively few studies of the presence of protozoan parasites particularly 
Blastocystis sp. in water sources in Malaysia. The occurrence of Blastocystis sp. in 
water from wells and from the rain is not known but Blastocystis sp., Cryptosporidium 
and Giardia contaminated surface water from Malaysia due to the exposure with 
infected faeces from local communities (human and animals) that live surroundings the 
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streams have been reported (Azman et al., 2009; Suresh et al., 2009a; Ithoi et al., 2011). 
The parasite has been incriminated to be waterborne and occurrence of cysts in the lakes 
and rivers screened around Klang Valley, Malaysia provides further evidence of the 
potential of the organism to be transmitted to humans (Suresh et al., 2009a). In this 
study, households, schools, and river water are predicted to be contaminated with 
Blastocystis sp. cysts as the preliminary epidemiologic data of stool examination 
showed a significant association between the quality of drinking water and Blastocystis 
infections among schoolchildren in the Pahang State. Therefore, the present study also 
aimed at investigating the presence of Blastocystis sp. in different water sources at the 
study area. 
In Libya, on the other hand, the prevalence of Blastocystis infection was 
reported to be range between 6.7% to 29.6% (Salem et al., 2006; Al-Fellani et al., 2007; 
Kassem et al., 2007; Sadaga & Kassem, 2007; Abdulsalam et al., 2008). However, the 
overall prevalence might be under estimated as most studies employed the direct faecal 
smear technique and in vitro culture technique has not been applied. Moreover, 
detection of Blastocystis sp. in Libya is not routinely done in most laboratories due to 
laboratory technicians usually have low awareness about its diagnosis and its 
association with human disease. Therefore, the prevalence and predictors of Blastocystis 
infection are poorly known. Furthermore, information on the subtype identification of 
Blastocystis sp. is largely lacking. Therefore, the present study is the second to provide 
information on the molecular epidemiology of Blastocystis sp. in Libya. 
1.3 SIGNIFICANCE OF THE STUDY 
The findings of this study would yield vital information on aspects regarding 
transmission patterns, contamination sources, and assessing the public health 
significance of this parasite. Knowledge of the prevalence of infection and the factors 
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that influence the prevalence will contribute to design effective and integrated control 
measures. Subtypes classification of Blastocystis sp. may provide more information 
about the transmission dynamics and pathogenicity of the different Blastocystis sp. 
subtypes and permit tracking infection and contamination sources. It hoped that the 
results of the study will shed more light on the pathogenic potential of this organism 
and, therefore, magnifies its public health importance and the need to enforce routine 
diagnosis of Blastocysis infections in all clinical laboratories in Libya and Malaysia. 
Moreover, the information about the occurrence of Blastocystis sp. cysts in water 
sources will unfold the significant of waterborne transmission with regards to the 
speared of Blastocysis sp. and assist in developing a better health control measures of 
the infection. 
1.4 OBJECTIVES OF STUDY 
The main objective of the present study is to investigate the molecular epidemiology of 
Blastocystis isolates from Malaysia and Libya. Hence, the study was carried out with 
the following specific objectives: 
1. To determine the prevalence of Blastocystis sp. and to identify the potential 
predictors associated with the infection among rural schoolchildren in Pahang, 
Malaysia. 
2. To determine the prevalence of Blastocystis infection and to identify the potential 
predictors associated with the infection among outpatients at Sebha Central Laboratory, 
Sebha city, southwest Libya. 
3. To study the genomic DNA of Blastocystis isolates from both countries by PCR, 
cloning, DNA sequencing, and phylogenetic analysis. 
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4. To determine the Blastocystis subtypes distribution and to identify the potential 
factors associated with different subtypes. 
5. To examine the association between GIT symptoms and the different subtypes of 
Blastocystis isolates obtained from symptomatic individuals. 
6. To investigate the presence of Blastocystis sp. in water sources in the study areas in 
Pahang, Malaysia. 
7. To examine any possible correlation between the occurrence of Blastocystis sp. and 
some water quality parameters that could be served as markers of potential Blastocystis 
contaminations in water. 
8. To investigate the genetic diversity and species identities of Blastocystis sp. in water 
samples. 
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CHAPTER II 
LITERATURE REVIEW 
 
2.1 HISTORY 
Blastocystis sp. was first described in 1911 by Alexief, who proposed the name 
Blastocystis enterocola. Brumpt (1912) proposed the name Blastocystis hominis for the 
organism isolated from human fecal material, and classified it as harmless intestinal 
yeast. Knowles and Das Gupta (1924) concluded that Blastocystis sp. is yeast of the 
genus of Schizosaccharomyces. Over the years, Blastocystis sp. has been classified and 
described as the cyst of a flagellate, vegetable material, and fungus (Zierdt, 1991).  
Zierdt et al. (1967) described that Blastocystis sp. possesses protozoan characteristics. 
Since that time, a large number of reports have been presented by various workers about 
the morphological characteristics, cultivation, epidemiology and pathogenicity of 
Blastocystis sp. 
2.2 CLASSIFICATION 
For a long time, the taxonomy of Blastocystis sp. was controversial, and the history of 
this fascinating parasite reflects the difficulty in its classification (Stenzel & Boreham, 
1996). The earliest workers regarded Blastocystis sp. as harmless intestinal yeast 
(Alexeieff, 1911; Brumpt, 1912). Subsequent researchers considered Blastocystis sp. to 
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be a degenerate or cyst form of a flagellate (Swellengrebel, 1917), while others regarded 
it as of plant origin (Barret, 1921) or placed it with achlorophyllic algae (Ciferri & 
Redaelli, 1938). However, as a result of extensive work of Zierdt and others, this 
organism has been classified as a protozoan (Zierdt et al., 1967). The structural and 
ultra-structural evidences that Blastocystis sp. is a protistan include: presence of one or 
more nuclei, smooth and rough endoplasmic reticulum, Golgi complex, and 
mitochondrion-like organelles (Zierdt et al., 1967; Dunn et al., 1989).  
Physiologically, Blastocystis sp. is strictly anaerobic, failing to grow on fungal 
medium, with optimal growth at 37
⁰
C and at neutral pH, and is resistant to antifungal 
agents while a number of antiprotozoal agents appear to inhibit its growth in vitro 
(Zierdt et al., 1967; Dunn & Boreham, 1991). Blastocystis sp. was classified as a 
sporozoan based on morphology, cultural characteristics and modes of division (Zierdt, 
1978). However, it was later reclassified as a sarcodine, with insufficient evidence 
(Zierdt, 1988). More recently, Blastocystis sp. was unambiguously classified within the 
stramenopiles based on phylogenetic analysis of small-subunit ribosomal RNA (SSU 
rRNA) gene (Silberman et al., 1996; Arisue et al., 2002; Hoevers & Snowden, 2005). 
The Stramenopiles, synonymous with Heterokonta and Chromista, encompasses very 
diverse organisms (unicellular or multicellular, heterotrophic or photosynthetic) such as 
slime nets, diatoms, water moulds and brown algae (Cavalier-Smith, 1997). One 
important characteristic of Stramenopiles is the presence during the life cycle of a stage 
with at least one flagellum permitting motility. Interestingly, Blastocystis sp. does not 
possess any flagellum and is the only Stramenopile known to cause infections in 
humans, and is therefore placed in a newly created class, class Blastocystea (Cavalier-
Smith, 1998), thus, the new classification of Blastocystis sp. is as follows: 
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Kingdom: Chromista 
Subkingdom: Chromobiota 
Infrakingdom: Heterokonta(synonymous with Stramenopiles) 
Subphylum:  Opalinata 
Class:  Blastocystea 
Genus: Blastocystis 
2.3 GENETIC DIVERSITY 
Blastocystis sp. exhibits high level of genetic diversity that has been observed among 
numerous isolates from both humans and animals. Various molecular methods have 
been used to characterize Blastocystis isolates genetically. The methods used include 
restriction fragment length polymorphism (RFLP) (Böhm‐Gloning et al., 1997; Clark, 
1997; Abe et al., 2003b, 2003a, 2003c; Thathaisong et al., 2003; Rivera & Tan, 2005; 
Init et al., 2007), random amplified polymorphism DNA (RAPD) (Yoshikawa et al., 
1996; Yoshikawa et al., 1998; Init et al., 1999), PCR followed by either direct 
sequencing of the PCR product or cloning and sequencing of arbitrarily selected clones 
(Arisue et al., 2003; Abe, 2004; Noël et al., 2005; Scicluna et al., 2006; Stensvold et al., 
2006; Stensvold et al., 2007a; Rivera, 2008; Souppart et al., 2009; Meloni et al., 2011), 
and PCR with subtype-specific (sequence-tagged site [STS]) primers (Yoshikawa et al., 
2000; Yoshikawa et al., 2003a; Yoshikawa et al., 2004b; Yan et al., 2006). A few 
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studies employed the use of arbitrary primed PCR (AP-PCR) (Yoshikawa et al., 1996; 
Tan et al., 2006). 
Clark (1997) amplified small subunit rDNA gene and analyzed the products 
using restriction enzymes analysis (RFLP), and found remarkable level of genetic 
variation among 30 randomly selected human isolates of Blastocystis sp. He termed this 
method riboprinting and obtained seven distinct ribodemes (subtypes). The sequence 
divergence between ribodemes 1 (subtype 1) and 2 (subtype 3) was over 7%, which is 
approximately four times the genetic distance between homologous genes of 
Entamoeba histolytica and Entamoeba dispar, suggesting that the controversy 
surrounded the pathogenic role of Blastocystis sp. may due to the genetic diversity 
observed among different Blastocystis genotypes. Using the same method, other 
workers described a further three ribodemes: 8, 9, and 10 (Yoshikawa et al., 2000; 
Kaneda et al., 2001). PCR-RFLP was used to analyze the elongation factor-1α gene of 
Blastocystis sp. and again an extensive genetic diversity was found within Blastocystis 
isolates (Ho et al., 2001). 
Genetic variations within human and animal Blastocystis isolates were also 
observed by RAPD method, and similar RAPD profiles were obtained from a human 
and avian isolates (Yoshikawa et al., 1996). This result suggested that there was 
significant genomic polymorphism among Blastocystis isolates, and reinforced the 
zoonotic potential of Blastocystis sp.  
The considerable genetic divergence among isolates was subsequently 
confirmed by molecular phylogenies inferred from small subunit (SSU) rRNA gene 
sequences. Comparative analysis of the SSU rDNA and elongation factor-1α sequences 
of 12 Blastocystis isolates from humans, rats, and reptiles together with 78 other 
Blastocystis sequences available in the Genbank database, showed that Blastocystis sp. 
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could be unambiguously placed within seven distinct clades, with six of the major 
groups comprising isolates from both humans and animals (Noël et al., 2005). The 
authors suggested the existence of numerous zoonotic isolates with frequent animal-to-
human and human-to-animal transmissions and a large potential reservoir in animals for 
infections in humans. 
There was a need to optimize and standardize the molecular methodologies and 
terms used to characterize Blastocystis sp. Terms such as subgroup, genotype ribodeme, 
cluster or clade have been used to describe Blastocystis strains which resulted in 
confusing regarding terminologies for the identification and designation of Blastocystis 
subtypes. To date, all Blastocystis isolates from animals were designated as Blastocystis 
sp. whereas those isolated from humans as Blastocystis hominis. Moreover, based on a 
consensus terminology, all Blastocystis isolates from humans, mammals, or birds should 
be designated as Blastocystis sp. and assigned to either one of the nine subtypes 
(Stensvold et al., 2007b). This new classification was based on molecular and 
phylogenetic analyses of a small subunit ribosomal RNA (SSUrDNA), and each 
subtypes (ST) exhibited sufficient genetic diversity to be classified as separate species. 
To date, all subtypes found in mammals and birds can be found in humans, suggesting 
that animals may serve as a large potential reservoir for infections in humans. More 
recently, four additional subtypes (ST10 to ST13) were identified from zoo animals 
(Stensvold et al., 2009a; Parkar et al., 2010). In addition, novel Blastocystis subtypes 
(ST14 and ST15), were isolated from cattle (Fayer et al., 2012) and non-human 
primates respectively (Alfellani et al., 2013a). 
Recently, Stensvold et al. (2012) investigated intra- subtype genetic diversity of 
Blastocystis sp. by analyzing and comparing over 400 complete and partial nucleus 
SSUrDNA sequences of ST3 and ST4, and data from multilocus sequence typing 
(MLST) of the mitochondrion-like organelle genome of 132 human isolates. They 
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revealed remarkable intra-subtype diversity in ST3 and a genetic homogeneity of ST4 at 
a population level. Moreover, intra-ST sequence polymorphism may naturally reflect 
the potential existence of subgroups within the same ST and further subdivision of the 
subtypes might aid in investigation of epidemiology and clinical significance of the 
parasite. 
Blastocystis sp. is a ubiquitous that found through the animal kingdom (Tan et 
al., 2002), and has been isolated from different species including mammals, birds, 
reptiles, amphibians and rarely insects (Boreham & Stenzel, 1993; Stenzel & Boreham, 
1996; Abe et al., 2002; Tan et al., 2002). Blastocystis isolates from humans and other 
animals have been reported to be morphologically indistinguishable. However, the 
application of molecular methods has shown remarkable genetic diversity among 
numerous isolates from both human and animals (Yoshikawa et al., 1998; Arisue et al., 
2003; Noël et al., 2003; Yoshikawa et al., 2004a; Noël et al., 2005; Rivera, 2008; 
Stensvold et al., 2009a).  
Molecular typing has revealed that some isolates of Blastocystis sp. from animal 
sources share very similar or identical RFLP patterns to human isolates (Yoshikawa et 
al., 1996; Clark, 1997; Yan et al., 2007). In addition, Snowden et al. (2000) analysed 
the RFLP of SSU rRNA genes belonging to Blastocystis sp. isolated from various 
animals (cow, goat, sheep, guinea pig and rhea), and found that multiple host species 
shared a single genotype of Blastocystis sp. Furthermore, sequence and phylogenetic 
analyses of partial SSU rDNA of Blastocystis sp. from a human, pig and horse revealed 
a common subgroup and the isolates from the pig and horse were monophyletic and 
closely related to the Blastocystis sp. isolated from humans (Thathaisong et al., 2003). 
In addition, several studies showed high similarity or even identical sequences of 
Blastocystis sp. isolated from animals and humans with close animal contact (Parkar et 
al., 2007; Rivera, 2008; Stensvold et al., 2009a; Yoshikawa et al., 2009; Parkar et al., 
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2010). These studies highlighted of both the low host specificity and zonootic potential 
of Blastocystis sp., and suggested existence of numerous zoonotic isolates with frequent 
animal-to-human and human-to-animal transmissions and of a large potential reservoir 
in animals for infections in humans. Thus, a wide range of animals may represent a 
huge potential reservoir for infection of humans. 
Recently, a consensus for subtypes (ST) Blastocystis sp. terminology was 
proposed, and nine subtypes were established and designated as ST1 to ST9 (Stensvold 
et al., 2007b). Humans can be host to Blastocystis sp. from various mammals (ST1), 
primates and pigs (ST2), rodents (ST4), cattle and pigs (ST5), and birds (ST6 and ST7) 
(Noël et al., 2005; Yan et al., 2007). ST8 has been isolated from monkeys, a pheasant as 
well as humans (Scicluna et al., 2006; Stensvold et al., 2008; Stensvold et al., 2009a; 
Roberts et al., 2012) while ST9 was only observed in human isolates (Yoshikawa et al., 
2004b; Stensvold et al., 2009b). More recently, five additional STs (ST10 to ST14) 
were identified from primates and artiodactyls, elephants, giraffes, quokkas, and cattle 
respectively (Stensvold et al., 2009a; Parkar et al., 2010; Fayer et al., 2012). 
2.4 BIOLOGY 
2.4.1 Morphology 
Blastocystis sp. is highly polymorphic organism. Four major morphological forms have 
been described: vacuolar form, granular form, and cystic form; although other distinct, 
less frequently encountered forms such as avacuolar and multivacuolar cells have also 
been described (Stenzel & Boreham, 1996). 
2.4.1.1 Vacuolar form 
This is also termed as the central body form and is the predominant form of Blastocystis 
sp. seen in laboratory cultures and stool samples. Vacuolar forms usually are spherical 
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cells, and may display large size variations, ranging from 2 to 200 µm (average of 4 to 
15 µm) (Zierdt, 1991; Stenzel & Boreham, 1996). The vacuolar form is characterized by 
a large central vacuole (that occupies approximately 90% of the cell‘s volume) and a 
thin rim of peripheral cytoplasm. Organelles, such as the nucleus (1-4 nuclei), Golgi, 
and mitochondria-like structures, are located within the cytoplasmic rim. The central 
vacuole is composed of unevenly distributed, finely granular material of unknown 
function. It was reported to contain carbohydrates (Yoshikawa et al., 1995a) or lipids 
(Yoshikawa et al., 1995b) suggesting a storage role for the organelle. The vacuole has 
been suggested to function in endodyogeny and schizogony via the development of 
reproductive granules but this has not been supported by further studies (Suresh et al., 
1994b; Singh et al., 1995). 
2.4.1.2 Granular form 
This morphological form is similar to the vacuolar form except that granules are 
observed in the cytoplasm or, more commonly, in the central vacuole. It is more 
frequently observed in xenic, older, antibiotic-treated cultures and rarely in faeces. The 
size range is similar to the vacuolar form (6.5 to 80 µm), and the granules are visible in 
unstained preparations. Three types of granules differentiated in mature granular forms 
that were metabolic, reproductive and lipid granules. Many different functions have 
been proposed for the different types of granules which including metabolism, storage 
and asexual reproduction (Stenzel & Boreham, 1996). A number of conditions can 
induce the production of granular form in culture from the vacuolar form, which 
include; increased serum concentrations, transfer of the cells to a different culture 
medium, the use of antibiotics, and axenization (Zierdt, 1973; Stenzel & Boreham, 
1996). 
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2.4.1.3 Amoeboid form 
The amoeboid form of Blastocystis sp. has been reported infrequently with only very 
few studies have described the ultrastructure of the amoeboid forms isolated from stools 
from infected patients (Tan & Zierdt, 1973), in vitro cultures (Dunn et al., 1989; Suresh 
et al., 1994a), and parasites grown on solid agar (Tan et al., 2001). An early report by 
Zierdt and Tan (1976) described the amoeboid form as oval, with one or two large 
pseudopods but without a cell membrane. However, Dunn et al. (1989) provided a 
detailed ultrastructural description of the amoeboid form of Blastocystis sp. from culture 
material. The cells were 2.6 to 7.8 mm in diameter, were irregular in shape, and often 
had extended pseudopodia. Engulfed bacteria were seen in lysosome-like bodies. A 
large central vacuole, Golgi complex, surface coat, coated pits, and mitochondria were 
not noted. On the contrary, Tan et al. (2001) have provided different description for 
amoeboid form. The cells had central vacuole, a surface coat, and numerous Golgi 
bodies and mitochondria within the cytoplasmic extensions of pseudopods. Taken in 
account the genetic diversity of the organism, it is plausible that the conflicting 
descriptions are due to genotypic variations among Blastocystis isolates (Tan, 2008). 
Despite the observation of pseudopods, the amoeboid form appears to be non-motile. 
The amoeboid form has been reported to feed on bacteria and cellular debris suggesting 
a nutritional or regulatory role for this form (Singh et al., 1995). In addition, this form 
has been postulated to play a role in pathogenesis (Tan & Suresh, 2006a; Katsarou-
Katsari et al., 2008) 
2.4.1.4 Cystic form 
Cystic forms of Blastocystis sp. were found in the fresh faeces of a patient with AIDS 
(Mehlhorn, 1988), stored faecal samples, and occasionally in laboratory cultures 
(Stenzel & Boreham, 1991). The cysts are spherical to ovoid and are surrounded by a 
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thick multilayered cyst wall, which appears to form beneath the surface coat. It lacks a 
large central vacuole but internal contents include one to four nuclei, multiple 
mitochondrion-like organelles, multiple vacuoles with glycogen, and lipid deposits 
(Moe et al., 1996; Zaman et al., 1997; Moe et al., 1999). The cyst form is considered as 
the infective stage of Blastocystis sp. Experimental infectivity studies of BALB/c mice 
and Wistar rats with the cyst form indicate that this form is without a doubt the 
transmissible form of the parasite (Tan, 2008). The cysts are resistant to lysis by water, 
are able to survive at room temperature for up to 19 days, but are fragile at extremes of 
heat and cold, and in common disinfectants (Zaman et al., 1995; Moe et al., 1996). 
2.4.1.5 Avacuolar and multivacoular forms 
Besides the four above-mentioned forms, there have also been descriptions of some 
other forms isolated from intestines and fresh faecal material. Stenzel et al. (1991) 
described cells from a colonoscopy sample, which was distinctly different from the 
vacuolar and granular forms, and called it avacuolar. Avacuolar forms lack the central 
vacuole and contain one to two nuclei. They are smaller than the vacuolar form 
(approximately 5 µm), are not surrounded by surface coat. 
Multivacuolar forms are relatively small cells (5–8 µm in diameter), contain 
multiple small vacuoles varying in size within the cytoplasm, and they possessed thick 
surface coats. The avacuolar and multivacuolar forms have been suggested to represent 
in vivo stages of the parasite while the vacuolar and granular forms predominate in vitro 
culture (Boreham & Stenzel, 1993). However, further studies are required to confirm 
these suggestions. 
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2.4.2 Life cycle 
A number of conflicting life cycles of Blastocystis sp. have been proposed, depending 
on the modes of division of Blastocystis sp. (Zierdt, 1973; Zierdt, 1991; Boreham & 
Stenzel, 1993; Singh et al., 1995; Stenzel & Boreham, 1996). Some studies support the 
theory that of Blastocystis sp. divides by multiple fission in addition to binary fission, 
which led to life cycle where the schizogony is one of the modes of division (Zierdt, 
1991; Singh et al., 1995). Other proposed modes of reproduction include plasmotomy 
and endodygeny (Tan & Suresh, 2007; Zhang et al., 2007), however, electron 
microscopy failed to provide supportive evidence. It is possible those were not true 
modes of reproduction and are more likely due to the pleomorphic nature of Blastocystis 
sp.  
Singh et al. (1995) proposed life cycle comprising the thick and thin-walled 
cysts (Figure 2.1). The thick-walled cysts are responsible for external transmission via 
the faecal-oral route. The cysts infect epithelial cells of the digestive tract and multiply 
asexually giving rise to vacuolar forms that parasite give origin to multi vacuolar and 
ameboid forms. The multi-vacuolar develops into a thin-walled cyst thought to be 
responsible for autoinfection, while the ameboid form gives origin to thick-walled cyst 
by schizogony. However, there is little scientific evidence to support such a proposal. 
 More recently, a revised life cycle by Tan (2008) based on binary fission as the 
only mode of division, taking in account the genetic diversity of Blastocystis sp., and 
the existence of zoonotic genotypes (ST1 to ST7) with various host specificities (Figure 
2.2). Upon ingestion of cysts, the parasite may undergo excystation in the 
gastrointestinal tract and may develop into a vacuolar form that divides by binary 
fission. The following stage could be either the amoeboid form or the granular form. 
Then, encystation may occur during passage along the colon, before cyst excretion in 
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the faeces. Subtype 1 is cross-infective among mammalian and avian isolates; subtypes 
2, 3, 4, and 5 comprise primate/pig, human, rodent and cattle/pig, isolates, respectively; 
and subtypes 6 and 7 include avian isolates. The proposed scheme suggests that humans 
are potentially infected by seven or more species of Blastocystis and that certain animals 
represent reservoirs for transmission to humans. 
 
 
24 
 
 
Figure 2.1: Proposed life cycle of Blastocystis sp. (Singh et al., 1995) 
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Figure 2.2: Proposed life cycle of Blastocystis sp. taking in account different subtypes 
and animal reservoirs (Tan, 2008) 
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2.5 TRANSMISSION 
Transmission of Blastocystis sp. occurs by the faecal–oral route, in a manner similar to 
other gastrointestinal protozoa (Kain et al., 1987; Zierdt, 1991; Boreham & Stenzel, 
1993; Stenzel & Boreham, 1996). Furthermore, transmission can be facilitated by the 
contamination of the environment, food, or water with excreted cysts from the reservoir 
hosts (Casemore, 1990; Li et al., 2007a; Leelayoova et al., 2008; Lee et al., 2012b). 
Among the different forms of the parasite, the faecal cyst is the most resistant to 
environmental changes. The cysts are resistant to lysis by water and can survive in 
water up to 19 days at room temperature, whereas vacuolar forms lyse when exposed to 
distilled water because of the absence of a cell wall (Moe et al., 1996; Zaman, 1996). 
Subsequent experimental infection studies showed that the cyst is the transmissible form 
of the parasite and that only a few cysts (10 to 100 cysts) are sufficient to establish 
infections in rats and chickens (Yoshikawa et al., 2004c; Tanizaki et al., 2005).  
Several studies have demonstrated the possibility of human-to-human 
transmission of Blastocystis sp. among family members (Guglielmetti et al., 1989; Lee 
et al., 2012a), institutionalized patients (Hunt et al., 1990; Libanore et al., 1991), and 
children in day-care centres (Guimaraes & Sogayar, 1993) and orphanages 
(Pipatsatitpong et al., 2012). 
Waterborne transmission of Blastocystis sp. via untreated water or poor sanitary 
conditions has been indicated in several studies (Torres et al., 1992; Nimri, 1993; 
Navarrete & Torres, 1994; Nimri & Batchoun, 1994; Basualdo et al., 2000; Taamasri et 
al., 2000; Khalifa et al., 2001; Basualdo et al., 2007; Karanis et al., 2007; Li et al., 
2007a; Baldursson & Karanis, 2011). The cysts can be as small as 3–10 m in diameter, 
and these are likely to be removed by conventional granular media-based filtration 
methods in a similar manner to Cryptosporidium oocysts that are 4–6 m in diameter. 
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Moreover, Blastocystis sp. cysts were reported to be resistant to chlorine at the standard 
concentration used in tap water implicating chlorinated drinking water as a potentially 
significant transmission route (Zaki et al., 1996).  
In a worldwide review on waterborne outbreaks of parasitic protozoan 
infections, Karanis et al. (2007) documented 325 outbreaks since the 1950s. They 
revealed that the majority of outbreaks were reported in the USA and Europe with 
Giardia (132 outbreaks) and Cryptosporidium (165 outbreaks) being the predominant 
protozoa followed by Entamoeba (9 outbreaks), Cyclospora (6 outbreaks), Toxoplasma 
(3outbreaks), Blastocystis (2 outbreaks), Microsporidia, and Acanthamoeba (one 
outbreak each). Indicating a dramatic increase in the number of waterborne outbreaks 
caused by those protozoa, Baldursson and Karanis (2011) showed that 199 outbreaks 
have been reported between 2004 and 2010 with 40·2% and 30·6% of the outbreaks 
occurring in New Zeeland and North America, respectively. Lately, Blastocystis sp. has 
been included in the water sanitation and health programs of the WHO to be one of the 
pathogens considered for waterborne zoonoses (WHO, 2008). 
Recent studies have provided a molecular-based evidence for potential 
waterborne transmission of Blastocystis sp. (Leelayoova et al., 2008; Eroglu & Koltas, 
2010; Lee et al., 2012b). Leelayoova et al. (2008) described the possibility of 
waterborne transmission of Blastocystis sp. by identifying the same subtype of 
Blastocystis sp. in fecal specimens collected from schoolchildren and in the drinking 
water provided in schools. More recently, a study by Lee et al. (2012b) has provided 
molecular evidence supporting possibility of waterborne zoonosis for Blastocystis sp. in 
a rural community in Nepal. Blastocystis sp. ST1 and ST4 found in village dwellers was 
also found to be pervasive in the animals they reared and the rivers they frequented. 
They concluded that the rivers might be contaminated with faeces containing 
28 
 
Blastocystis ST4 from humans and Blastocystis ST1 and ST4 from animals. In addition, 
poor hand hygiene could have facilitated the transmission from animals to humans.  
On the other hand, animals have been speculated to be a source of Blastocystis 
infections in humans because Blastocystis-like organisms have been identified in a wide 
range of animals. Indeed, a higher risk of infection has been found in humans with close 
animal contact (Salim et al., 1999) and several studies provided molecular-based 
evidence supporting the zoonotic potential of Blastocystis sp. (Thathaisong et al., 2003; 
Noël et al., 2005; Parkar et al., 2007; Yan et al., 2007; Stensvold et al., 2009a; 
Yoshikawa et al., 2009). Parkar et al. (2007) found ST1 in zookeepers and primates at 
the Perth Zoo. In latter study, four of these zookeeper isolates belonging to ST1 and 
ST2 were identical to the isolates from the southern hairy-nosed wombat and five 
primate species (Parkar et al., 2010). Similarly, ST2 was shared between rhesus 
monkeys and children in Nepal, and therefore, monkeys were considered as a possible 
source of Blastocystis ST2 infection of humans (Yoshikawa et al., 2009). These studies 
highlighted the low host specificity of Blastocystis sp., reinforced the zoonotic nature of 
this parasite, and that animals represent a large potential reservoir for human infections. 
2.6 EPIDEMIOLOGY OF BLASTOCYSTIS SP. 
2.6.1 Prevalence of Blastocystis infection 
Blastocystis sp. is probably the most common eukaryotic organism reported in human 
faecal samples. The infection can be found worldwide, but the prevalence is higher in 
developing countries (30–50%) compared to developed countries (1.5–15%). The high 
prevalence in developing countries is due to poor personal and environmental hygiene, 
lack of safe water supply and poor sewerage and waste removal services (Sohail & 
Fischer, 2005). A considerable number of studies are available for prevalence of 
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Blastocystis infection in various countries, and Table 2.1 illustrated some of these 
reports.  
Prevalence of Blastocystis infection varies widely from country to country and 
within various communities of the same country. The prevalence can be as low as 1.0% 
and 3.3% in Japan (Hirata et al., 2007) and Singapore (Wong et al., 2008) respectively, 
moderate with prevalence of 13.7-21% , 25.0% and 22.9% in Thailand (Yaicharoen et 
al., 2005), Jordon (Nimri, 1993) and USA (Amin, 2002) respectively, or can be as high 
as 40.7%, 59.8%, and 61.8% in Philippines (Baldo et al., 2004), Indonesia (Pegelow et 
al., 1997), and Chile (Torres et al., 1992) respectively. Moreover, the prevalence may 
considerably vary among different regions or populations in the same country. A 
significant difference of Blastocystis infection prevalence has been reported between 
two regions in China (1.9-5.9% compared to 18.4-32.6%) (Li et al., 2007b). In 
Thailand, Blastocystis infection prevalence of 13.5% (Yaicharoen et al., 2006) and 
18.9% (Leelayoova et al., 2008) were reported among two different schoolchildren 
populations, while two army populations indicated prevalence of 21.9% (Taamasri et 
al., 2000) and 36.9%  (Leelayoova et al., 2004) respectively. Such variations within the 
same country could reflect true differences between communities, or could be due to the 
use of different diagnostic methods (Tan, 2008).  
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Table 2.1: Prevalence of Blastocystis infection in various countries 
Reference  
Percent 
infected  
Sample size Country  
(Basualdo et al., 2007) 27.2 504 Argentina 
(Leder et al., 2005) 6.1 1089 Australia  
(Nascimento & Moitinho, 2005) 5.62 181 Brazil 
(Torres et al., 1992) 61.8 970 Chile  
(Li et al., 2007a) 32.6 239 China 
(Coulibaly et al., 2012) 12.3 446 Côte d‘Ivoire 
(Cañete et al., 2012) 38.5 104 Cuba  
(Rayan et al., 2007) 33.3 168 Egypt  
(Rayan et al., 2010) 18.0 195 India  
(Pegelow et al., 1997) 59.8 348 Indonesia 
(Arani et al., 2008) 5.8 4371 Iran  
(Masucci et al., 2011) 7.1 5351 Italy  
(Hirata et al., 2007) 1.1 3292 Japan  
(Nimri, 1993) 5262 250 Jordan 
(Licea et al., 2003) 41.7 115 Mexico  
(Lee et al., 2012a) 26.1 241 Nepal  
(Haider et al., 2012) 17.4 339 Pakistan 
(Baldo et al., 2004) 7264 172 Philippines 
(Wong et al., 2008) 3.3 276 Singapore  
(González-Moreno et al., 2011) 7.0 8313 Spain  
(Speich et al., 2013) 28.0 550 Tanzania 
(Leelayoova et al., 2004) 36.9 904 Thailand 
(Dagci et al., 2008) 15.5 2047 Turkey  
(Suresh & Smith, 2004) 3.9 1000 UK 
(Amin, 2002) 22.9 2896 USA 
(Cazorla et al., 2012) 56.6 157 Venezuela 
(Graczyk et al., 2005) 52.3 93 Zambia 
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2.6.1.1 Prevalence of Blastocystis infection in Malaysia 
In Malaysia, previous studies have shown that Blastocystis sp.is prevalent among urban 
and rural populations (Table 2.2) (Rajeswari et al., 1994; Sinniah & Rajeswari, 1994; 
Suresh et al., 2001; Hakim et al., 2007; Noor Azian et al., 2007; Sinniah et al., 2012). 
However, very little information is available on the epidemiology of Blastocystis sp. 
and no assessment of risk factors was carried out in these studies. High prevalence rates 
of Blastocystis sp. infection were reported among rural communities including the 
Orang Asli (Malaysian aborigines). Prevalence rates of Blastocystis sp. infection up to 
52.3% were reported in various Orang Asli communities (Hakim et al., 2007; Noor 
Azian et al., 2007; Sinniah et al., 2012). This high rate of infections is facilitated by 
poverty, poor personal and environmental hygiene, and inadequate garbage disposal. In 
urban areas, Blastocystis sp. infection was found in 14.9% of high-rise flat dwellers in 
Kuala Lumpur (Suresh et al., 2001) and in 0.7% of Children living in Gombak 
(Rajeswari et al., 1994). Moreover, a high prevalence (41.0%) of blastocystosis was 
reported among animal handlers including local zoo and abattoir workers, showing that 
people who work closely with animals at high risk of acquiring Blastocystis infection. 
(Salim et al., 1999).  
A few studies have focused on the genetic diversity of Blastocystis sp. and the 
distribution of different subtypes. Tan et al. (2008) investigated the genetic diversity of 
Blastocystis sp. among symptomatic and asymptomatic individuals and three different 
subtypes of Blastocystis sp. were identified; ST3 (50.0%) which was the predominant 
followed by ST1 (45.0%) and ST2 (5.0%). In another study, Blastocystis ST1 to ST4 
were found among HIV and cancer patients (Tan et al., 2009). 
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Table 2.2: Prevalence rates of Blastocystis sp. in several studies in Malaysia 
Population/Area Prevalence  % Reference 
Children, Gombak, Selangor 0.7 (Rajeswari et al., 1994) 
Children, Kuala Lumpur 1.1 (Sinniah & Rajeswari, 1994) 
Children with cancer, Kota Baru 4.0 (Menon et al., 1999) 
Animal handler 41.0 (Salim et al., 1999) 
High- rise flat dweller, Kuala Lumpur 14.9 (Suresh et al., 2001) 
Hospitalized children, Kota Bahru 3.1 (Menon et al., 2001) 
Hospitalized patients , Kuala Lumpur 0.3 (Norhayati et al., 2003) 
Aboriginal community, Pahang 52.3 (Noor Azian et al., 2007) 
Aborigines, Cameron Highlands 8.1 (Hakim et al., 2007) 
Children, Alor Gajah, Melaka 45.8 
(Shafariatul Akmar et al., 
2008) 
Aboriginal community, Perak 5.2 (Sinniah et al., 2012) 
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2.6.1.2 Prevalence of Blastocystis infection in Libya 
There have been few studies on Blastocystis sp. in Libya and the prevalence of 
Blastocystis infection was reported to range from 6.7% to 35.5% (Table 2.3) (Al-Fellani 
et al., 2005; Salem et al., 2006; Al-Fellani et al., 2007; Kassem et al., 2007; Sadaga & 
Kassem, 2007; Abdulsalam et al., 2008; Fathy, 2011). Al-Fellani et al. (2005, 2007) 
reported that Blastocystis sp. is a common intestinal parasite among outpatients 
attending Central Laboratory in Sebha, and prevalence rates of 18.5% and 26.5% were 
reported among these outpatients. These studies found that the occurrence of 
Blastocystis infections in outpatients are probably related to weather conditions, with 
the suggestion that the hot, dry weather of the Sebha region favours the development 
and transmission of this organism. Furthermore, Salem et al. (2006) reported a 
prevalence of 29.6% among Libyan patients in Sirt. However, a low prevalence rate 
(6.7%) of Blastocystis infection was reported among schoolchildren in Darna (Sadaga & 
Kassem, 2007).  
Although the Blastocystis infection seems to be prevalent among different 
Libyan populations, diagnosis of this parasite is not routinely done in laboratories due to 
laboratory workers usually have low awareness about its diagnosis and its association 
with human disease. For this reason, knowledge on the epidemiology, transmission, and 
predictors of Blastocystis infection is not widely known. Furthermore, information on 
the genetic diversity and subtype identification of Blastocystis sp. are also lacking.  
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Table 2.3: Prevalence rates of Blastocystis sp. in several studies in Libya 
Population/Area Prevalence % Reference 
Outpatients, Central Laboratory, Sebha 18.5 (Al-Fellani et al., 2005) 
Patients, Sirt  29.6 (Salem et al., 2006) 
Outpatients, Central Laboratory, Sebha 26.5 (Al-Fellani et al., 2007) 
School children,  Derna  6.7 (Sadaga & Kassem, 2007) 
Hospitalized Children and neonates, Sirt  12.5 (Kassem et al., 2007) 
Rural community, Wadi Al-Shati  21.2 (Abdulsalam et al., 2008) 
Food handlers, Sirt 35.5 (Fathy, 2011) 
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2.6.2 Distribution of Blastocystis subtypes  
Recent molecular-based studies have investigated the distribution of different 
Blastocystis subtypes among human populations (summarized in Table 2.4). Most of 
these studies showed that ST3 was most frequently observed in humans followed by 
ST1. However, ST1 was the most common subtypes present in humans from Thailand, 
Brazil, and Iran with 77.9%, 44.4% and 40.0%, respectively (Leelayoova et al., 2008; 
Motazedian et al., 2008; Malheiros et al., 2011). The proportions of other subtypes 
found in human were different between locations of sampling populations. Subtype 2 
was reported to be the second most common in Italy, Turkey, and Denmark. Subtype 4 
was the predominant in Nepal and Spain, and commonly found in Australia, Denmark, 
and Sweden.  
Subtype 5 has been reported in China and Pakistan (Yan et al., 2007; Yakoob et 
al., 2010b). Subtypes 6 and 7 are common in Japan, Pakistan, Greece, and Egypt. 
Subtype 8 has been found in UK and Australia while subtype 9 was only identified in 
Japan and Denmark. These results show that the subtype present in humans may vary 
with the geographic distribution of Blastocystis sp. Furthermore, such variation might 
indicate different epidemiological characteristics including reservoirs and dynamics of 
transmission (Li et al., 2007a; Souppart et al., 2009). Collectively, those studies suggest 
that subtype 3 is the subtype of human origin, while other remaining subtypes were 
likely zoonotic origin. 
 Although the majority of Blastocystis-infected individuals seem to harbour a 
particular subtype, mixed infections with different concurrent subtypes have also been 
reported. Most of the mixed infections were with ST1 and ST3, while ST1 and ST2 and 
ST2 and ST3 combinations were infrequently reported (Yan et al., 2006; Li et al., 
2007a; Li et al., 2007b; Souppart et al., 2009; Meloni et al., 2011). 
36 
 
Table 2.4: Geographic distribution of Blastocystis subtypes identified in different human populations worldwide 
Country  
  
Subtype distribution (%)
a
 Reference 
ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 Unknown/ mixed  
Australia 31.0 5.0 44.0 13.0  3.0 1.0 2.0   (Roberts et al., 2012) 
Bangladesh 7.7  92.3        (Yoshikawa et al., 2004b) 
Brazil  41 32 17       11 (Malheiros et al., 2011) 
China 37.1  40.0    5.7   17.1 (Yan et al., 2006) 
China 20.5 1.3 70.5 1.3      6.5 (Li et al., 2007a) 
China 24.5 4.7 60.4 0.5  0.5    9.4 (Li et al., 2007b) 
Colombia  38.5 30.8 30.8       7.7 (Santín et al., 2011) 
Denmark 18.1 19.0 18.1 17.2   4.3  0.9 22.4 (Stensvold et al., 2009b) 
Denmark 20.2 15.2 39.4 16.2  1.0  1.0  7.0 (Rene et al., 2009) 
Denmark  4.0 16.0 4.0 76.0       (Stensvold et al., 2011) 
Egypt 18.2  54.5   18.2 9.1   1.0 (Hussein et al., 2008) 
Egypt 19.1 19.1 61.9       5.0 (Souppart et al., 2010) 
Egypt  15.0  39.0   23.0 13.0   10.0 (Fouad et al., 2011) 
France 25.6 9.3 53.5 9.3   2.3   7.5 (Souppart et al., 2009) 
France 3.7 3.7 14.8 63.0  3.7 11.1    (Poirier et al., 2011) 
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‘Table 2.4, continued’ 
Country  
Subtype distribution (%)
a
 
Reference 
ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 Unknown/mixed 
Germany 21.0 1.0 66.0 7.0      5.0 (Böhm‐Gloning et al., 1997) 
Germany 25.0 16.7 41.7 16.7       (Yoshikawa et al., 2004b) 
Greece 20.0 13.0 60.0 2.2  2.2 2.2    (Menounos et al., 2008) 
Greece 14.0 9.8 62.7 1.9  1.9 9.8    (Vassalos et al., 2010) 
Iran  44.4 8.9 35.6   4.4 6.7    (Motazedian et al., 2008) 
Iran 48.0  53.0  7.0     33.0 (Moosavi et al., 2012) 
Ireland 7.1 42.9 28.6 21.4       (Scanlan & Marchesi, 2008) 
Italy 8.8 20.6 47.1 17.7  2.9 2.9    (Meloni et al., 2011) 
Japan 3.21  93.8   3.1     (Yoshikawa et al., 2000) 
Japan 20.0 21.8 43.6 10.9      3.6 (Kaneda et al., 2001) 
Japan 8.0  52.0 4.0  22.0 10.0  4.0  (Yoshikawa et al., 2004b) 
Lebanon 30.6 33.3 33.3 2.8       (El Safadi et al., 2013) 
Liberia 28.0 28.0 32.0 12.0       (Alfellani et al., 2013b) 
Libya 50.0 7.9 39.5    2.6    (Alfellani et al., 2013b) 
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‘Table 2.4, continued 
Country 
Subtype distribution (%)
a
 Reference 
ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 Unknown/mixed  
Malaysia 45.0 5.0 50.0        (Tan et al., 2008) 
Malaysia 12.5 5.0 50.0 27.5      2.0 (Tan et al., 2009) 
Mexico 14.3 7.1 14.3       64.3 (Jimenez-Gonzalez et al., 2012) 
Nepal 20.0 20.0 60.0        (Yoshikawa et al., 2009) 
Nepal 63.5  84.1       65.1 (Lee et al., 2012a) 
Nigeria  45.5  40.9 13.6       (Alfellani et al., 2013b) 
Pakistan 20.0  70.0   10.0     (Yoshikawa et al., 2004b) 
Pakistan  49.2 5.6 27.7 4.5 4.0 3.4 5.6   1.1 (Yakoob et al., 2010b) 
Singapore 22.0  78.0 
 
      (Wong et al., 2008) 
Spain 2.0 3.9  94.1       (Domínguez-Márquez et al., 2009) 
Sweden  15.9 14.3 47.6 20.6   1.6    (Forsell et al., 2012) 
Tanzania  16.7 50.0 33.3        (Petrášová et al., 2011) 
Thailand 90.2  4.6    1.3   3.9 (Thathaisong et al., 2003) 
Thailand 77.9 22.1  
 
      (Leelayoova et al., 2008) 
Thailand  21.4  57.1   3.6 17.9    (Jantermtor et al., 2013) 
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‘Table 2.4, continued 
Country 
Subtype distribution (%)
a
 
Reference 
ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 Unknown/mixed 
Turkey 9.2 13.8 75.9 1.1       (Özyurt et al., 2008) 
Turkey  18.5 21.7 55.4       4.3 (Dogruman-Al et al., 2008) 
Turkey 36.0 24.0 40.0        (Eroglu & Koltas, 2010) 
UK 5.5 16.4 40.0 31.0    5.5   (Scicluna et al., 2006) 
UK 12.5 9.6 42.1 31.4 0.7 0.4 1.5 1.8   (Alfellani et al., 2013b) 
USA 11.1  66.7       22.2 (Jones et al., 2008) 
– Subtype not detected 
a
 The percentages can add up to less or more than 100 in each study depending on if the Blastocystis subtypes involved in mixed infections were resolved 
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2.6.3 High-risk populations 
2.6.3.1 Immunocompromised individuals 
Immunocompromised individuals were reported to be more prone to Blastocystis-
related diarrhoea. High prevalence of Blastocystis infection was reported among 
patients with human immunodeficiency virus (HIV) infection. Blastocystis sp. was the 
most common (72.4%) parasite found in Indonesian HIV patients (Kurniawan et al., 
2009). Furthermore, Blastocystis sp. was found to be common among patients under 
immunosuppressive treatment such as renal transplant patients (Ok et al., 1997), cancer 
patients (Tasova et al., 2000) and children with nephrotic syndrome (Noureldin et al., 
1999). More recently, Blastocystis sp. was identified in a patient on regular dialysis who 
complained of diarrhoea (Hayashi et al., 2006). 
2.6.3.2 Children 
Children are highly susceptible to Blastocystis infections (Londono et al., 2009). A 
relatively high prevalence was reported among pre-school and schoolchildren in 
developing countries. Prevalence rates of 29.0% and 25.0% were reported in preschool 
children from Venezuela and Jordon respectively (Devera et al., 1998; Nimri, 1993). In 
schoolchildren populations, prevalence of Blastocystis infections were found to be 
60.0%, 53.8% 48.0%, 28·2%, 22.4%, and 20.3% in Indonesia (Pegelow et al., 1997), 
Zambia (Graczyk et al., 2005), Venezuela (Rivero-Rodriguez et al., 2000), Iran 
(Daryani et al., 2006), Colombia (Boeke et al., 2010), and Jordon (Nimri & Batchoun, 
1994), respectively. Blastocystis sp. was also found to be common among children in 
day-care centres and orphanages. A study of the prevalence of enteroparasites in 
Argentinean children living in an orphanage residence revealed that prevalence of 
Blastocystis sp. was as high as 44.4% (Guignard et al., 2000). 
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2.6.3.3 Travellers andimmigrants 
Blastocystis sp. is frequently reported in travellers returning from developing countries. 
In a study from Nepal, Blastocystis sp. was detected in 30% of travellers with diarrhoea, 
compared with 36% of asymptomatic travellers (Shlim et al., 1995). However, the 
results of Jelinek et al. (1997) suggested that Blastocystis sp. is associated with 
development of diarrhoea in travellers to tropical destinations (Jelinek et al., 1997). 
Immigrants and refugees from developing countries appear to have higher 
incidence of blastocystosis. Blastocystis sp. has been reported as the most common 
parasite in stool samples collected from foreign workers from Southeast Asia in Taiwan 
(Cheng et al., 2003; Wang, 2004; Cheng et al., 2006; Hsieh et al., 2010). Furthermore, 
Blastocystis infections were common among immigrant workers in Qatar, and 
especially among North East Africans (Abu-Madi et al., 2011).  
2.6.3.4 Animal and food handlers  
Blastocystis infections are common among certain occupations that involve exposure to 
animals including food handlers and animal handlers such as zookeepers and abattoir 
workers. Close contact with animal contact considered as a possible risk factor for 
acquiring Blastocystis infection. A higher Prevalence of Blastocystis infection was 
reported in animal workers (41.0%) compared to a normal population (17.0%), 
suggesting that close proximity with animals may facilitate transmission (Salim et al., 
1999). Similarly, very high prevalence of Blastocystis sp. (63%) was reported in 
zookeepers from the Western Australian zoo (Parkar et al., 2010). 
Blastocystis sp. was detected in 14% of apparently healthy food handlers in 
Jeddah, Saudi Arabia (Amin, 1997). Licea et al. (2003) reported high prevalence rate 
(41.7%) of Blastocystis sp. among food vendors in Mexico. Moreover, a recent study 
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among 400 food handlers in Libya reported that the prevalence of Blastocystis infection 
was 35.5% (Fathy, 2011). 
2.6.5 Occurrence of Blastocystis sp. in water 
A considerable number of epidemiological studies have implicated contaminated water 
as being a source of Blastocystis infections (Tan, 2004, 2008). However, there have 
been relatively few studies reported the presence of Blastocystis sp. in water sources 
(Leelayoova et al., 2008; Suresh et al., 2009a; Eroglu & Koltas, 2010; Ithoi et al., 2011; 
Lee et al., 2012b). Some of these studies are summarized in Table 2.5. Blastocystis sp. 
has been isolated from different drinking water types including rivers, treated tap water, 
and rainwater supporting the possible transmission by drinking water. 
In Malaysia, there have been relatively few studies of the presence Blastocystis 
sp. in water. Blastocystis sp. was reported to contaminate water of rivers from 
recreational areas due to the exposure with infected faeces from local communities 
(human and animals) that live surroundings the streams (Ithoi et al., 2011). 
Furthermore, the cysts were isolated from the lakes and rivers screened around Klang 
Valley, Malaysia (Suresh et al., 2009a). However, the occurrence of Blastocystis sp. in 
water from wells and from the rain is not known. Moreover, Blastocystis sp. was 
detected in sewage in Malaysia and Scotland (Suresh et al., 2005). They found that 50% 
of influents (29% Scottish, 76% Malaysian) and 28% of effluents (9% Scottish, 60% 
Malaysian) contained viable cysts. The presence of viable cysts discharged in effluent, 
indicate that sewage treatment plants are ineffective in removing or killing all 
Blastocystis cysts and provide further evidence for the potential for waterborne 
transmission of Blastocystis sp. 
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Table 2.5: Occurrence of Blastocystis sp. in different types of water 
Country  Water type 
Blastocystis 
ST Reference % positive/ 
cysts/100L  
Pakistan  Sewage (influent & effluent) 100% N/A (Zaman et al., 1994) 
Argentina  Sewage (effluent) 70 cyst/100 L N/A (De Luca et al., 1997) 
Argentina  Treated drinking water (tap) 4 cysts/100 L N/A (Basualdo et al., 2000) 
Egypt  Household water (tank) 12.0% N/A (Khalifa et al., 2001) 
Malaysia  Sewage (influent & effluent) 68.0% N/A (Suresh et al., 2005) 
Scotland, UK  Sewage (influent & effluent) 17.8 % N/A (Suresh et al., 2005) 
Argentina  Household water (tap) 10.0% N/A (Basualdo et al., 2007) 
Thailand  Raw drinking water (rain) 20.0% ST1 (Leelayoova et al., 2008) 
Turkey  Drinking water (tap) 12.0 % ST1 (Eroglu & Koltas, 2010) 
Philippines  Sewage (influent & effluent) 15% 1&2 (Banaticla & Rivera, 2011) 
Malaysia  Recreational water  33.3% N/A (Ithoi et al., 2011) 
Nepal  River  100 % 1&4 (Lee et al., 2012b) 
N/A: Not detected 
ST: Blastocystis subtype 
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2.7 PATHOGENIC POTENTIAL OF BLASTOCYSTIS SP. 
The pathogenic role of Blastocystis sp.has been matter of much debate for decade 
because of that Blastocystis sp. can be found in both symptomatic and asymptomatic 
patients. However, accumulating evidences from epidemiological, in vitro, and in vivo 
studies supported the emerging pathogenic potential of the parasite (Tan et al., 2010). 
Numerous studies have examined the pathogenic potential of Blastocystis sp. by 
investigation its prevalence in symptomatic and asymptomatic groups, and have thus 
either supported or denied pathogenic significance of this protozoan (Tan, 2008). 
Difficulties in proving the pathogenicity of Blastocystis sp. include a lack of 
standardization across studies, the lack of an appropriate animal model, the potential for 
subtype-dependent variations in pathogenicity and failure to exclude all other ethologies 
(Stenzel & Boreham, 1996; Stensvold et al., 2009c).  
A lack of standardization across studies has led to widely conflicting reports on 
actual prevalence rates of Blastocystis sp. from both health and disease groups, and its 
association with intestinal disease. The prevalence data depends on the sensitivity and 
accuracy of the detection methods used. There were several issues associated with the 
different laboratory techniques used to detect Blastocystis sp. that have led to widely 
inconsistent prevalence reports. The variations reported among studies cause 
disagreements concerning the role of Blastocystis sp. in human disease, and the 
importance of treating it (Boorom et al., 2008; Stensvold et al., 2009c; Scanlan, 2012). 
In the absence of a suitable animal model, in vitro studies can be useful in 
understanding the pathobiology of Blastocystis sp. Several in vitro studies have 
indicated that Blastocystis sp. possesses pathogenicity mechanisms. Recent studies 
indicated that Blastocystis sp. might exhibit some cytopathic effects on host cells. In a 
recent study (Puthia et al., 2006), Blastocystis ST4 was showed to induce contact 
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independent apoptosis, F-actin rearrangement, barrier function disruption, and 
increasing permeability in intestinal epithelial cell line, IEC-6. This has been suggested 
to contribute to the diarrheal symptoms in Blastocystis patients.  
Like most other protozoan parasites, Blastocystis sp. is able to produce a cystine 
protease that breaks up IgA antibody. Puthia et al. (2005) observed that cell lysates and 
secretory products of Blastocystis ST4 and ST7 contain IgA-degrading protease, 
suggesting that Blastocystis proteases may play a role in parasite survival and 
colonization in the human. In addition, intra- and inter-subtype variation in the amount 
of cysteine protease was observed among Blastocystis ST4 and ST7 with avian isolates 
(ST7) exhibiting approximately two times higher peaks cysteine protease activity than 
rodent (ST4) isolates (Mirza & Tan, 2008). 
More recently, in silico analysis of Blastocystis ST7 genome has indicated the 
presence of 22 secreted proteases, which include 20 predicted cysteine proteases that 
could help in understanding the host-parasite interactions and used as markers to 
distinguish between non-pathogenic and pathogenic isolates (Denoeud et al., 2011). In 
addition, cysteine proteases of Blastocystis ST4 were shown to induce production of 
pro-inflammatory mediators including IL-8 production from human colonic epithelial 
cells via an NF-kB pathway. IL-8 is associated with a proinflammatory immune 
response, tissue damage, and intestinal disturbances (Puthia et al., 2008).  
Several studies have been suggested an association of Blastocystis sp. with acute 
or chronic digestive disorders such as irritable bowel syndrome (IBS) (Giacometti et al., 
1999; Tungtrongchitr et al., 2004; Yakoob et al., 2004; Dogruman-Al et al., 2010; 
Yakoob et al., 2010a, 2010b; Jimenez-Gonzalez et al., 2012). In most of these studies, 
Blastocystis sp. was detected more frequently in patients with irritable bowel syndrome 
than in control groups. It has been suggested that low-grade inflammation due to 
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ongoing immune activation caused by Blastocystis infection providing persistent 
antigenic exposure could play a role in irritable bowel syndrome IBS (Stark et al., 
2007). Nevertheless, current studies do not provide a clear role for Blastocystis sp. as an 
etiologic agent of irritable bowel syndrome, since an abnormal intestinal condition may 
provide conditions favourable for Blastocystis growth (Tan et al., 2010).  
2.7.1 Genetic variation and Blastocystis pathogenicity 
The high level of genetic diversity within Blastocystis sp. was a major challenge in 
studying its pathogenic role. Previous studies have focused on correlating disease 
pathogenicity with subtypes, although the results have been equivocal. Clark (1997) was 
the first to suggest that different subtypes of Blastocystis may have a different 
pathogenic potential. Table 2.6 shows the possible subtype contribution to Blastocystis 
pathogenicity.  In the same vein, Kaneda et al. (2001) indicated that ST1, ST2, and ST4 
might be responsible for gastrointestinal symptoms, with colonoscopic evidence of 
inflammation in patients harboring ST4 and ST2. ST3 was not associated with 
symptoms. Recently, Yan et al. (2006) revealed a possible association between ST1 and 
intestinal symptoms as this subtype was the most common among symptomatic patients 
while ST3 was isolated predominantly from asymptomatic individuals. Likewise, ST3 
was the most dominant genotype in Turkish asymptomatic individual and ST1 
determined all of symptomatic patients (Eroglu et al., 2009).  
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Table 2.6: Possible subtype contribution to Blastocystis pathogenicity (Tan et al., 2010) 
Subtype Pathogenic characteristics Study 
ST1 Associated with symptomatic 
infections; pathologic outcomes in 
experimentally-infected rats 
(Yan et al., 2006; Hussein et al., 2008; 
Eroglu et al., 2009; Stensvold et al., 
2009b; Fouad et al., 2011) 
ST2 Generally associated with 
asymptomatic infections 
(Yan et al., 2006; Dogruman-Al et al., 
2008) 
ST3 Possibly variant: pathogenic and 
nonpathogenic strains within the 
same subtype 
(Hussein et al., 2008; Katsarou-Katsari 
et al., 2008; Tan et al., 2008; Eroglu et 
al., 2009) 
ST4 Associated with symptomatic 
infections 
(Puthia et al., 2005; Puthia et al., 2006; 
Iguchi et al., 2007; Domínguez-
Márquez et al., 2009; Lee et al., 2012a) 
ST5 Reported in patients with irritable 
bowel syndrome-diarrhea 
(Yakoob et al., 2010b) 
ST6 Reported in patients with irritable 
bowel syndrome-diarrhea 
(Yakoob et al., 2010b) 
 
ST7 Associated with symptomatic 
infections 
(Puthia et al., 2005; Mirza & Tan, 
2008; Stensvold et al., 2009b) 
ST8 Rarely reported, associated with 
symptomatic infection in one case 
(Stensvold et al., 2008) 
ST9 Unkown  
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Hussein et al. (2008), in their study of experimental infection in animals with 
human Blastocystis isolates, demonstrated that ST1 was associated with elevated 
pathogenicity. Moreover, ST1 was found to be significantly more prevalent in patients 
with irritable bowel syndrome (IBS) and chronic gastrointestinal illness compared to 
asymptomatic individuals (Yakoob et al., 2010b; Fouad et al., 2011; Moosavi et al., 
2012). These results suggest a possible relationship between ST1 and a pathogenic 
potential of this parasite.  
Blastocystis ST3 was reported to be predominant in patients with chronic 
gastrointestinal illness (Jones et al., 2008; Tan et al., 2008; Wong et al., 2008; Tan et 
al., 2009), suggesting a pathogenic potential of this subtype. Moreover, Blastocystis 
ST3 was reported to be associated with acute urticaria (Katsarou-Katsari et al., 2008; 
Hameed et al., 2010). Blastocystis ST2 was suggested to be a non-pathogenic and was 
associated with asymptomatic infections of Blastocystis sp. (Dogruman-Al et al., 2008; 
Hussein et al., 2008). However, this subtype was also reported among symptomatic 
patients (Kaneda et al., 2001; Yakoob et al., 2010b; Roberts et al., 2012). In a study 
conducted in Spain, Blastocystis ST4 was found in all symptomatic patients 
(Domínguez-Márquez et al., 2009). Similarly, in recently published Danish study 76% 
of Blastocystis sp. positive patients with acute diarrhoea were found to harbour ST4 
(Stensvold et al., 2011), indicating that ST4 might have clinical significance. 
Furthermore, this particular subtype was found to be associated with diseases in 21.4% 
of individuals that were infected by Blastocystis sp. alone (Lee et al., 2012a). 
In contrast, several previous studies revealed no association between disease and 
parasite subtypes and no difference in distribution of subtypes between symptomatic 
and asymptomatic groups (Özyurt et al., 2008; Souppart et al., 2009). Böhm-Gloning et 
al. (1997) found no significant correlation between subtypes and intestinal disease. 
Moreover, Yoshikawa et al. (2004b) compared the distribution of Blastocystis subtypes 
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from asymptomatic and symptomatic individuals from Bangladesh and showed no 
association between subtypes and disease.  
This discrepancy on subtype association with disease may be attributed to the 
genetic variation of specific genotypes. It is possible that the virulence or pathogenic 
potential of Blastocystis sp. could be due to intra-subtype variation. Several mechanisms 
have been suggested for Blastocystis-induced pathogenesis including elicitation of 
toxic-allergic reactions, degradation of human secretory IgA by proteases, barrier 
function compromise via alterations to tight junctions, host cell apoptosis, and 
modulation of immune response. Although outcome of Blastocystis infection is multi-
factorial involving host factors (genetics, immunity, and age) or parasite factors 
(genotype, virulence, and zoonotic potential) or a combination of the two, a major 
research priority is to develop an integrated multidisciplinary methodological approach 
to address the outstanding pathogenicity issue (Scanlan, 2012). 
2.8 CLINICAL FEATURES 
Human infections with Blastocystis are called ―blastocystosis.‖ Symptoms of the 
infection are largely non-specific and include acute or chronic diarrhoea, nausea, 
vomiting, anorexia, abdominal pain, bloating, and flatulence. Of these features, the most 
commonly recorded symptoms among patients are abdominal pain and diarrhea (Qadri 
et al., 1989; Nimri & Batchoun, 1994; Boreham et al., 1996; El-Shazly et al., 2005; 
Kaya et al., 2007; Stensvold et al., 2008; Tasova et al., 2000). In more severe disease, 
profuse watery diarrhoea and fever may be exhibited (Zaki et al., 1991; Logar et al., 
1994). Blastocystis sp. was shown to elicit haematological changes; with a significantly 
reduced leukocyte count, haemoglobin and haematocrit levels (Cheng et al., 2003). In 
addition, Blastocystis sp. was found to contribute to the development of iron deficiency 
anaemia (Yavasoglu et al., 2008; El Deeb et al., 2011). 
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Symptoms are most commonly self-limited and may last between 1 and 2 weeks, 
but treatment with antibiotic or antiprotozoal drugs was found to be helpful in reducing 
the duration of symptoms and increasing the eradication rate of Blastocystis sp. (Nigro 
et al., 2003). 
There are no reports of Blastocystis-associated dysentery or endoscopic evidence 
of invasion. A recent study, described the presence of Blastocystis amoeboid forms in 
liver abscess aspirate of a patient suffering from severe diarrhoea. However, a 
coinfection with Entamoeba histolytica probably contributed to the perforation of the 
intestinal lining, allowing extra-intestinal dissemination of Blastocystis sp. (Hu et al., 
2008). 
Several studies have reported the association of cutaneous lesions, particularly 
urticaria with Blastocystis infection (Biedermann et al., 2002; Kick et al., 2002; 
Valsecchi et al., 2004; Katsarou-Katsari et al., 2008). Treatment of the parasite leads to 
the resolution of both the infection and cutaneous lesions. It has been suggested that 
these cutaneous lesions are more likely immune-mediated, although the mechanism is 
unclear (Tan et al., 2010). Moreover, Blastocystis ST3 and ST2 were reported to be 
associated with acute and chronic urticaria (Katsarou-Katsari et al., 2008; Vogelberg et 
al., 2010). 
In a study conducted among hospitalized Turkish patients without any other 
coinfecting pathogens, higher rates of symptoms were present among Blastocystis-
infected children, abdominal pain was present in 76·9%, diarrhoea in 50% and 
distention in 32·6%, indicating an association between parasite density and pathology 
(Kaya et al., 2007). On the other hand, several studies have found no correlation 
between the burden of organisms in stool and symptoms in patients with Blastocystis 
infection (Doyle et al., 1990; Shlim et al., 1995; Leder et al., 2005). Therefore, quantity 
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of organisms identifiable in stool specimens may be a poor indicator of symptomatic 
status (Boorom et al., 2008). 
Immunocompromised or debilitated individuals are at increased risk of 
acquisition of Blastocystis infection and may experience more severe symptoms 
including diarrhoea. Blastocystis-related diarrhoea was also reported in cases with 
altered host immune status such as immunosuppressive therapy or exposure to 
corticosteroids. It is possible that the host immune status influence the development and 
the severity of symptoms (Vassalos et al., 2010).  
2.9 LABORATORY DIAGNOSIS  
2.9.1 Microscopy 
Diagnosis of Blastocystis infection is usually based on microscopic observation of the 
various forms (mainly vacuolar form) of the parasite in faecal samples. The most 
common approaches for detection of Blastocystis sp. consist of direct smear 
(Kukoschke et al., 1990; Zman & Khan, 1994), permanent-stained smears (Windsor et 
al., 2002; Termmathurapoj et al., 2004), concentration techniques, such as formalin-
ethyl acetate concentration technique (Suresh & Smith, 2004), and in vitro culture 
(Kukoschke et al., 1990; Leelayoova et al., 2002; Termmathurapoj et al., 2004). 
The examination of direct wet smears either unstained or stained with Lugol‘s 
iodine is convenient and inexpensive yet it frequently leads to false negative or false 
positive results (Stenzel & Boreham, 1996). Concentration methods such as formalin- 
ethyl acetate concentration technique generally appear unsuitable for laboratory 
identification of Blastocystis sp. because of extremely poor sensitivity (Suresh & Smith, 
2004; Stensvold et al., 2006; Stensvold et al., 2007a). 
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Permanent smears staining appeared to be the procedure of choice for light 
microscopic diagnosis of Blastocystis sp. (Stenzel & Boreham, 1996). Suitable staining 
methods include trichome and iron-haematoxylin, Giemsa stain, Fields stain, and 
modified Ziehl-Neelsen stain are used. Studies comparing unstained smears and 
permanent-stained smears have shown the latter to be more sensitive and specific 
(Windsor et al., 2002; Termmathurapoj et al., 2004; Stensvold et al., 2007a). Multiple 
stool specimens should be examined because the parasite may exhibit irregular shedding 
(Vennila et al., 1999; Suresh et al., 2009b). 
2.9.2 Laboratory Culture 
In vitro cultivation methods have been used to enhance detection of Blastocystis sp. 
Polyxenic or monoxenic of Blastocystis sp. cultures generally grow well in Jones‘s 
(Jones, 1946) or Boeck and Drbohlav‘s (Boeck & Drbohlav, 1925) inspissated egg 
medium supplemented with horse serum. Jones‘ medium is the medium of choice in 
studies involving culture to identify the parasite in patient samples (Leelayoova et al., 
2002; Suresh & Smith, 2004; Termmathurapoj et al., 2004; Stensvold et al., 2006; 
Stensvold et al., 2007a; Wong et al., 2008). Short-term xenic in vitro culture (XIVC) 
increases the sensitivity of detection compared to that of direct faecal smears or 
permanent-stained smears (Leelayoova et al., 2002; Termmathurapoj et al., 2004; 
Stensvold et al., 2007a). XIVC was also superior to formalin-ethyl acetate concentration 
technique (FECT) in term of sensitivity (Suresh & Smith, 2004; Stensvold et al., 2007a; 
Stensvold & Nielsen, 2012). However, in case of mixed infections with concurrent 
Blastocystis subtypes, XIVC can be a source of underestimation as this method may 
favour the preferential growth of certain subtype over others (Parkar et al., 2007; Yan et 
al., 2007), although Stensvold et al. (2007a) indicated that XIVC has very little or no 
impact on the detection of mixed infections. 
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 Blastocystis sp. was axenically grown in variety of media such as Iscove‘s 
modified Dulbecco‘s medium, minimal essential medium, or biphasic inspissated egg 
slant overlaid with Locke‘s solution (Zierdt & Swan, 1981; Ho et al., 1993). Axenic 
cultures of Blastocystis isolates are important for molecular and biochemical studies, 
however, the process is generally laborious, time consuming, and the successful 
elimination of microbial contaminants is not guaranteed. 
2.9.3 Serology  
Blastocystis infection results in a serologic response that can be detected by enzyme-
linked immunosorbent assay (ELISA) and indirect fluorescent antibody (IFA) (Zierdt & 
Nagy, 1993; Zierdt et al., 1995; Hussain et al., 1997; Kaneda et al., 2000; Mahmoud & 
Saleh, 2003). Currently, serological diagnostic tests have not routinely been used for 
diagnosis of this infection. Furthermore, conflicting results obtained using these 
serological methods, which highlighted that Blastocystis sp. antigenic, and hence 
genetic diversity must be taken into consideration in the development of any serological 
test. In addition, development of monoclonal antibodies specific for Blastocystis 
subtypes would be helpful in detection the parasite from stool specimens (Tan et al., 
2010). 
2.9.4 Molecular techniques 
Several molecular PCR-based techniques have been developed for identification of 
Blastocystis sp. in faecal samples. Subtype-specific diagnostic primers, also referred to 
as STS (sequence-tagged site primers), is a commonly used method. This approach was 
developed by Yoshikawa et al. (1998, 2000, 2004b), which amplified seven distinct 
subtypes: ST1 to ST7. Sequence-tagged site-PCR (STS-PCR) has provided information 
on the distribution of different subtypes among human and animal populations and 
offered the possibility to detection the mixed-subtype infections. However, this 
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approach allows only the amplification of seven subtypes of 13 known subtypes. 
Besides, its use in large-scale epidemiological studies can be costly and time-consuming 
as several PCR analyses have to be carried out for each isolate (Stensvold et al., 2009c). 
Blastocystis isolates can also be characterized by PCR of SSU rDNA gene followed by 
RFLP analysis. Major limitations of this approach are the lack of standardization of the 
PCR conditions, choice of primers, mutations at restriction sites, and the difficulty in 
interpreting RFLP profiles from mixed infections (Tan, 2008). Another method consists 
of amplification of a SSU rDNA gene followed by either direct sequencing of the PCR 
product or cloning and sequencing of a number of arbitrarily selected clones (Stensvold 
et al., 2007a; Rivera, 2008; Souppart et al., 2009; Meloni et al., 2011). However, these 
subtyping methods may lead to underestimation the prevalence of mixed infections with 
more than one Blastocystis subtype (Meloni et al., 2012). In comparative studies of 
methods for detection of Blastocystis infection, PCR–based methods coupled with 
short-term axenic in vitro culture were more efficient than the other approaches 
including the formalin-ether concentration technique (FECT) and permanent trichrome 
smears (Stensvold et al., 2007a).  
Recently, a real-time PCR assay (qPCR) has been developed for detection and 
quantification of Blastocystis sp. isolated directly from human stool samples (Poirier et 
al., 2011). The assay targets a partial sequence of the Blastocystis small ribosomal 
subunit (SSU) rRNA gene, allowing subtyping of Blastocystis isolates by direct 
sequencing of qPCR products. The qPCR assay was able to detect Blastocystis sp. in 27 
samples out of 186 samples examined with detection limits 10
2 
Blastocystis cells per gm 
of stools, and identified six different subtypes (ST1, ST2, ST3, ST4, ST6, and ST7) by 
direct sequencing of qPCR products. The approach showed high sensitivity compared to 
direct-light microscopy and xenic in vitro culture. The qPCR assay can be easily applied 
to large epidemiological studies, with rapid results compared to xenic cultures. It also 
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might be useful for evaluating the clinical relevance of Blastocystis subtypes and their 
role in acute or chronic digestive disorders. 
2.10 TREATMENT 
The need to treat Blastocystis sp. infection remains a complicated issue, and this is due 
to the controversial pathogenesis of the organism and the apparent self-limiting nature 
of symptoms. However, a number of antimicrobial agents have been used for treatment 
of Blastocystis infection. Metronidazole is considered the drug of choice as it appears to 
be the most effective drug for Blastocystis chemotherapy (Stensvold et al., 2010), 
despite some evidence for treatment failures possibly due to drug resistance 
(Moghaddam et al., 2005). It is possible that the variations in drug susceptibility of 
Blastocystis sp. are due to variations in genotypes of this parasite. Cotrimoxazole 
(TMP/SMX) is the most common alternative to metronidazole, especially in patients 
who may not be able to tolerate or do not respond to treatment with metronidazole (Ok 
et al., 1999). Additional drugs, such as iodoquinol, tinidazole, nitazoxanide, emetine, 
pentamidine, iodochlorhydroxyquin, and furazolidone, have been used for treatment of 
Blastocystis infection and have shown variable efficacy in eradicating the infection 
(Coyle et al., 2012).  
2.11 PREVENTION AND CONTROL 
Blastocystis sp. is transmitted via the faecal-oral route through consumption of food or 
water contaminated with excreted Blastocystis cysts from the reservoir host (Tan, 2008). 
Even though the status of Blastocystis sp. as a true pathogen is controversial, it could be 
an appropriate indicator of faecal contamination of water or food. Thus, effective 
control measures must aim to reduce or prevent cyst transmission. The control  
measures should include practicing good personal hygiene particularly hand hygiene 
(e.g. washing hand before handling food and after using the toilet and handling 
56 
 
animals), improvement in community sanitary facilities, drinking treated water together 
with health education covering the aspects on the mode of disease transmission and 
proper hygienic practices (Stenzel & Boreham, 1996). Because Blastocystis sp. has been 
demonstrated to be able to withstand chlorination (Zaki et al., 1996), boiling drinking 
water is simple measure to reduce the risk of waterborne blastocystosis. Travellers 
should be advised to practice strict hand hygiene, drink bottled or boiled water, avoid 
consumption of raw fruits or vegetables and half or uncooked food (Sohail & Fischer, 
2005). 
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CHAPTER III 
MATERIALS AND METHODS 
 
3.1 STUDY AREAS AND SUBJECTS 
3.1.1 Malaysia 
The Federation of Malaysia comprises of Peninsular Malaysia and the states of Sabah 
and Sarawak on the island of Borneo. It has a total landmass of 329,847 Km
2 
separated 
by the South China Sea into two similarly sized regions, Peninsular Malaysia and East 
Malaysia. It has land borders with Thailand in West Malaysia, Indonesia and Brunei in 
East Malaysia, and maritime borders exist with Singapore, Vietnam, and the 
Philippines. The country experiences equatorial climate with hot-humid conditions and 
rainfall throughout the year. About two thirds of Malaysia is covered in thick rain forest 
vegetation.  
Malaysia is consists of 13 states and 3 federal territories. These are divided 
between two regions, with 11 states (Johor, Kedah, Kelantan, Melaka, Negeri Sembilan, 
Pahang, Perak, Perlis, Pulau Pinang, Selangor and Terengganu) and two federal 
territories (Kuala Lumpur and Putrajaya) on Peninsular Malaysia and the other two 
states (Sabah and Sarawak) and one federal territory (Labuan) in East Malaysia. The 
capital city is Kuala Lumpur, with other national administrative centres located at 
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Putrajaya in Peninsular Malaysia and Labuan in East Malaysia. The Country practices 
parliamentary democracy and constitutional monarchy. The head of state is theYang di-
Pertuan Agong, commonly referred to as the King and the Head of Government is the 
Prime Minister.  
According to the 2010 census, the total population of Malaysia is 28,334,135 
people, with 22.6 million living on the Peninsula (Department of Statistics, 2011). The 
population of Malaysia consists of many ethnic groups. Malays make up 50.4% of the 
population, Chinese (23.7%), Indians (7.1%), other non-Malay indigenous people, or 
Bumiputera (11.0%) and the others including the Orang asli (7.2%). Bahasa Malaysia 
(Malay) is the national language but English is widely spoken. Malaysians also speak 
various languages and dialects. 
Pahang is the third largest state in Malaysia, after Sarawak and Sabah, and the 
largest in Peninsular Malaysia covering an area of 36,137 Km
2
. It is bordered to the 
north by Kelantan, to the west by Perak, Selangor, and Negri Sembilan, to the south by 
Johore and to the east by Terengganu and the South China Sea. Its state capital is 
Kuantan, and the royal town is Pekan. There are 11 Districts in Pahang namely; 
Kuantan, Pekan, Rompin, Temerloh, Maran, Bera, Bentong, Raub, Jerantut, Lipis and 
Cameron Highlands. Total population registers approximately 1,500,817 (Department 
of Statistics, 2011) people reside in Pahang. The ethnic composition is roughly 
1,126,187 Malay and Bumiputera, 233,798 Chinese, 63,065 Indians, 6,159 others, and 
the rest are non-citizens. 
Pahang's climate is characteristic of the tropics; hot and humid all the year round 
with distinct wet and dry seasons. Geographically diverse, Pahang ranges from 
mountainous country in its west to its long coastline in the east Peninsula Malaysia. The 
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State is rich in natural resources and about two thirds of the state is covered by rich 
tropical forest.  
3.1.1.1 Background of study areas 
This study was conducted in Lipis (located about 230 Km northeast of Kuala Lumpur) 
and Raub (located about 190 Km northeast of Kuala Lumpur) districts of Pahang state, 
Malaysia (Figure 3.1). In Lipis (longitude 102.03°E, latitude 4.11°N), two primary 
schools were involved in this study, the National School of Gahai (for Malay, with a 
total enrolment of 96 pupils) and the National School of Kuala Koyan (for Aborigines, 
with a total enrolment of 160 pupils). Similarly, two primary schools in Raub (longitude 
101.52°E, latitude 3.48°N) were involved, these being the National School of Lubuk 
Kulit (for Malay, with a total enrolment of 100 pupils) and the National School of Satak 
(for Aborigines with a total enrolment of 363 pupils). Each school is located 
approximately at the centre of the villages. 
The villages of the Malay and aboriginal populations are close to each other and 
almost all houses had electricity supply. Houses of aboriginal people are made of wood 
or bamboo in which environmental sanitation, as well as personal hygiene are poor. On 
the other hand, the housing conditions of Malay people are better, the traditional Malay 
houses are timber houses raised on stilts with wooden or bamboo walls. However, there 
are many houses built of bricks and concrete in the Malay villages. The majority of the 
houses in the study areas do not have toilet facilities and the practice of open field 
defecation is common especially for the Aborigines. The rivers are the major sources of 
water for daily activities (swimming, cooking, drinking, bathing, and washing). 
However, some of the houses have access to piped water. The majority of aboriginal are 
farmers or rubber tappers while some doing odd jobs (e.g., fishing and collection forest 
products) for a living. Most of the Malay either were government employees or have 
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their own business.  
The study area was selected based on (i) no history of previous similar study in 
the area (ii) easy access by road and (iii) willingness to participate by the schools‘ 
authorities, the children, their parents, and other members of the communities. 
 
 
Figure 3.1: Map showing the study areas at Lipis and Raub Districts, Pahang State,   
Malaysia 
 
 
 
 
 
61 
 
3.1.1.2 Study population 
All schoolchildren attending the above-mentioned schools during the survey visits were 
invited to participate in this study. All children who agreed voluntarily through their 
parents to participate were included in the study. Hence, 300 primary schoolchildren 
(150 males and 150 females) aged 6–12 years participated voluntarily in this study. 
Data collection was carried out between April and August 2010. 
There are several reasons for choosing schoolchildren for this study. Firstly, 
although the fact that all ages are affected by parasitic infections including 
blastocystosis, children are the worst affected particularly in regions with precarious 
socioeconomic and hygiene conditions. In addition, intestinal parasitic infections are 
still a major public health problem among children from the impoverished and under 
privileged communities in rural area in Malaysia. Moreover, transmission of intestinal 
parasites among schoolchildren is more likely to occur as they use common toilet and 
have more opportunities to interact. In addition, choosing of school-age children has 
advantages with respect to amount of sample material collected and ease of recruitment 
through schools. Lastly, the socioeconomic characteristics of the communities in the 
study area fitted well with hypothesis that low socioeconomic status, low level of 
education and poor environmental sanitation associate with the prevalence of parasitic 
infections. 
3.1.2 Libya 
Libya is an Arabic country located in North Africa on the southern coast of the 
Mediterranean Sea. It is bordered by the Mediterranean Sea to the north, Egypt to the 
east, Sudan to the southeast, Chad and Niger to the south, and Algeria and Tunisia to the 
west. It has a population of 5,657,692 people according to the 2006 Census (General 
Information Authority, 2008). Libyans are primarily Arab or a mixture of Arab and 
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Berber ethnicities, or a mixture of Arab and Turkish ethnicities. Other ethnic minorities 
include the Tuaregs, and the Tebou. The main and the official language spoken in Libya 
is Arabic by 95% of Libyans, the Berber languages spoken by 5%, which do not have 
an official status. 
With an area of 1,759,541 Km
2
, Libya is the 17th largest country in the world. It 
is also the fourth largest area of African countries, as it has the longest coastline 
between the countries bordering the Mediterranean Sea with a length of about 1,955 
Km. The Mediterranean coast and the Sahara Desert are the country's most prominent 
natural features with more than 90% of the country is desert or semi-desert. In most of 
the coastal lowland, the climate is Mediterranean, with warm summers and mild 
winters. Rainfall is scanty. In the desert interior, the climate has very hot and dry 
summers and extreme diurnal temperature ranges. Libya has very limited natural fresh 
water resources and relies mainly on underground water. 
Libya achieved independence in 1951 after years of Italian colonization, as the 
United Kingdom of Libya under the King Idris I. On 1st September 1969, Colonel 
Muammar Gaddafi deposed the King and revolutionized the country. However, Libyan 
revolution, which started on 17 February 2011, had ended the Gaddafi‘s 42-years rule. 
As a result, Libya is currently undergoing political reconstruction, and was temporarily 
governed by an interim government, the National Transitional Council which, officially 
handed power to the wholly elected General National Congress. Historically the area of 
Libya was divided into three regions, Tripolitania in the northwest, Barka in the east, 
and Fezzan in the southwest. They were then united into a single political unit by the 
King with Tripoli as the capital city to date. Since 2007, Libya has been divided into 22 
administrative divisions or districts. Libya‘s economy depends primarily upon revenues 
from the oil sector. Apart from petroleum, the other natural resources are natural gas 
and gypsum. 
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3.1.2.1 Background of the study area 
Sebha city, about 640 km south of Tripoli (longitude 14.42°E, latitude 27.03°N) was 
considered as the study area of this study (Figure 3.2). The city is situated in the Fezzan 
valley with a total area of 15,330 Km
2
. It was historically the capital of the Fezzan 
region (the southern region of Libya), and is now capital of the Sebha District. Sebha is 
becoming the largest settlement in the Libyan Sahara, with a total population of 133,206 
according to the 2006 Census (Libya General Information Authority, 2006). With a 
relatively large population, and growing fast, Sebha's importance is due to its being the 
air and road transport hub of the Fezzan, and the centre of a remarkable agricultural 
industry in the desert. Besides, Sebha is the administrative and public services centre of 
the southwestern region. 
The area is characterized by desert climate, dry and hot weather with relatively 
low humidity and rainfall rates. Besides, the area is affected by dust storms, which 
occur mainly during April to August. The geographical nature of Sebha city, scarcity in 
vegetation, and sand dunes that surround it, are factors help to exacerbate wind speed 
and transfer of dust and sand. Due to its location in the desert, the underground water is 
the sole source of water. 
The houses are built of bricks and concrete and had electricity; piped water and 
toilet facility. The most prevalent activates of Sebha residents include trading, animal 
husbandry, agriculture and small industries. Sebha city has adequate public services and 
other infrastructure with the exception of the health structure. Improper management of 
waste is one of problems in the city. The garbage and sewage from the city are 
discharged without proper treatment in the nearby desert land, which contribute to 
pollution of the environment. 
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Figure 3.2: Map of Libya showing the study area at Sebha City 
 
Sebha city was selected as the study area due to its importance being centre of 
public services in the south-western region of Libya. The availability of services 
including major hospitals, health-care centres, and governmental authorities in Sebha 
attract people from the surrounding areas as they find all they need and what they may 
lack in their villages.  
The Central Laboratory is one of the largest diagnostic laboratories in Sebha, 
which receives considerably large number of samples from different areas in the 
province of Fezzan as well as from Sebha. The samples were submitted in order for the 
patient to get a health certificate, join the army, or attend university, rather than because 
the patient was symptomatic. Thus, it is anticipated that the findings of this study can be 
generalized to the Sebha population. In addition, the Central Laboratory was selected as 
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large amount of data can be collected within short period of time (collection of data was 
scheduled to be completed within three months). 
3.1.2.2 Study population 
Data collection was carried out between August and November 2010.A total of 380 
faecal samples were collected from outpatients (197 males and 183 females, aged ≤1-75 
years) visiting the Central Laboratory in Sebha. Samples were collected as part of 
routine medical check-up of people living in or in the vicinity of Sebha. The Central 
Laboratory receives samples from symptomatic and asymptomatic individuals including 
those who come for routine medical checkups requested by public and private 
organizations and educational institutions. Based on responses to a standardized 
questionnaire, the outpatients were classified into symptomatic and asymptomatic 
groups based on the following criteria. Asymptomatic patients were healthy without any 
gastrointestinal symptoms. Symptomatic patients had gastrointestinal symptoms 
included diarrhoea, abdominal pain, flatulence, constipation, nausea, and vomiting. 
Outpatients were selected for two reasons: first, based on previous studies, a 
comparatively higher prevalence of Blastocystis infection (prevalence up to 29.6%) has 
been reported among hospitalized patients and outpatients (Salem et al., 2006; Al-
Fellani et al., 2007; Kassem et al., 2007) compared to community-based studies 
(prevalence up to 6.7%) (Sadaga & Kassem, 2007). Second, conducting a community-
based study was found to be very difficult with regard to amount of samples collected 
and time needed in order to obtain a representative sample size (researcher own 
experience). Hence, this group was targeted, as the possibility to obtain positive samples 
for Blastocystis sp. was higher. 
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3.1.3 Sample size 
This sample size was calculated using a level of significance of 5% and a confidence 
level of 95%. The formula used for the calculation of the sample size was: 
n = Z
2
P (1 – P) 
d
2 
 Where;    n = sample size 
Z = Z statistic for a level of confidence (For level of confidence of 95% 
Z-value is 1.96). 
P = expected prevalence or proportion (P = 20% and 26.5% in Malaysia 
and Libya respectively) 
d = precision (if 5%, d = 0.05)  
Based on the formula above, 247 and 300 participants from Malaysia and Libya 
respectively were needed for this study. This was estimated to give the study at least 
95% power at 5% level of significance. 
3.2 QUESTIONNAIRE 
A standard questionnaire was used for the collection of demographic and socio-
economic data (e.g., age, gender, occupation, education level, household size, monthly 
household income, parents‘ occupation and level of education), personal hygiene 
practices (i.e., washing hands before eating, washing hands after defecation, eating with 
hands, washing fruits and vegetables), and history of gastrointestinal symptoms. 
Environmental conditions such as water supply, toilet facilities, sewage system, and 
existence of animal in households were also included.  
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The aboriginal children and their parents were interviewed by a well-trained 
assistant, in their home settings, to fill in the questionnaire. Similarly, outpatients 
attending the Central Laboratory in Sebha were interviewed by the researcher or 
assistant during their visit. 
3.3 STUDY DESIGN  
A cross-sectional study was conducted and involved collection of faecal samples for 
parasitological and molecular studies, and administration of a standardized 
questionnaire to obtain subject-related data including demographic and socioeconomic 
characteristics and history of gastrointestinal symptoms. 
3.4 ETHICAL CONSIDERATION 
The protocol (Reference Number: 782.11) of this study was approved by the Medical 
Ethics Committee of the University of Malaya Medical Centre, Kuala Lumpur. 
Participants were invited to participate voluntarily after clear explanations of the nature 
and objectives of the study were provided, and informed verbal consent was obtained. If 
the patients were children, written informed consents were obtained from their parents. 
Written permissions were also obtained from the education authorities in Raub and 
Lipis districts (Pahang, Malaysia), and Sebha Central Laboratory (Sebha, Libya) 
authorities before the commencement of the study. 
3.5 COLLECTION AND EXAMINATION OF FAECAL SAMPLES  
A single faecal sample was collected from each participant into wide-mouth, screw-
capped plastic container. The participants were guided on how to collect the sample. 
The specimens collected from schoolchildren (Pahang, Malaysia) were transported to 
the Department of Parasitology, University of Malaya for examination. While samples 
collected from outpatients attending the Central Laboratory (Sebha, Libya) were 
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examined at the same laboratory (only for parasitological study). The specimens were 
examined for the presence of intestinal parasites and cultured for Blastocystis sp. 
Investigations for the potential viral or bacterial infections were not carried out in this 
study.  
3.5.1 Cultivation and detection of Blastocystis sp. 
The faecal samples were cultured in Jones‘ medium (Appendix A.1) supplemented with 
10% horse serum. For each culture, approximately 50 mg of faeces was inoculated into 
a 15-mL screw-cap tube containing 5 mL of Jones‘ medium. The inoculated tubes were 
tightly closed, placed in a rack, and incubated at 37°C. The medium in each of these 
tubes was replaced with the new complete Jone‘s medium every alternate day starting 
from day 2 of cultivation. This was carried out by discarding about 4 mL of the medium 
at the top level (without disturbing the pellet) and replaced by 4 mL of new complete 
Jones‘ medium. The presence of Blastocystis sp. was observed daily for 14 days of 
cultivation, by placing 1 drop of the cultured sediment onto a glass slide, covered with a 
cover slip and viewed (100 and 400 objectives) under light microscopy. Positive 
cultures were defined by identification of any form of Blastocystis sp. (i.e. vacuolar, 
granular, amoeboid, and cystic forms).  
3.5.2 Detection of other intestinal parasites 
Each sample was examined using direct faecal smears and concentration technique. In 
addition, the faecal samples were stained by the modified Ziehl-Neelsen (Appendix 
A.5) stain for detection of intestinal coccidian parasites. 
3.5.2.1 Direct faecal smear 
A drop of normal saline (Appendix A.2) was placed in the centre of a glass slide. A 
small amount of faeces was picked using applicator stick and mixed with normal saline. 
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A cover slip was placed gently on preparation with avoiding formation of air bubbles. 
The entire cover slip area was examined under light microscope using low power 
(100) then high power objectives (400). 
3.5.2.2 Formalin-ethyl acetate concentration technique 
About 100 mg of faeces was emulsified in 7 mL of 10 % formalin (Appendix A.4). The 
resulting emulsion was filtered through two layers of gauze into a conical centrifuge 
tube. 3 mL of ethyl acetate was added to the filtrate, shacked vigorously, and 
centrifuged at 3000 rpm for 1 minute. Four layers were separated after centrifugation: 
top layer ethyl acetate, plug of faecal debris, formalin, and bottom layer sediment 
containing parasites. By using an applicator stick, the plug of faecal debris was loosened 
from the sides of the tube and the top three layers were decanted. The remaining 
sediment was examined as direct smear in normal saline and iodine (Appendix A.2 & 
A.3) for the detection of protozoa, eggs, and larvae of intestinal helminthes. 
3.5.2.3 Modified Ziehl-Neelsen stain 
Thin smears were prepared from the sediments obtained in 3.5.2.2 by formalin-ethyl 
acetate concentration technique and allowed to air dry. The smears were fixed for 3 
minutes using absolute methanol and stained with cold carbol fuchsine (Appendix A.5a) 
for 15 minutes. Then stain was rinsed with tap water and decolourised using 1% acid-
alcohol (Appendix A.5c, d) for 15 seconds. The smears were rinsed with tap water and 
counterstained with 0.5% malachite green (Appendix A.5b) for 30 seconds, then 
washed off with tap water and air-dried. The smears were examined microscopically 
under higher power (1000) using oil emersion. The oocysts usually appeared bright 
pink or dark red against a green background. 
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3.6 MOLECULAR AND PHYLOGENETIC ANALYSIS 
Molecular analyses including DNA extraction, PCR, DNA purification, and cloning 
were carried out at the department of Parasitology, University of Malaya. Samples 
collected from outpatients (Sebha Central Laboratory, Libya) were packaged and 
shipped to Malaysia by air.  
3.6.1 Extractionof Blastocystis genomic DNA from positive faecal cultures 
Blastocystis positive cultures were washed with sterile Phosphate-Buffered Saline 
(PBS) as followed: the culture was centrifuged at 2000 rpm for 5 minute. The 
supernatant was discarded and the pellet was transferred to new sterile tube followed by 
adding 5 mL of sterile Phosphate-Buffered Saline (PBS) and centrifuged. The washing 
step was repeated 3 to 6 times. The cell pellets (approximately 1-3  106 cells) were 
collected by centrifugation and resuspended in 200 μL of PBS. 
Genomic DNA of Blastocystis isolates was extracted from faecal samples 
cultured in Jones‘ medium using DNAzol® Reagent (Invitrogen, Carlsbad, USA) 
according to the manufacturer‘s protocol as following. One thousand (1000) µL of 
DNAzol Reagent was added to 200 µL of cell pellet (approximately 1-3  106 cells) and 
gently mixed by pipetting. This was then followed by centrifugation at 10000  g for 10 
minutes at 4

C. The supernatant was transferred to new tube and the pellet was 
discarded. 500 µL of absolute ethanol was added to the supernatant, mixed by inverting 
the tube, and incubated at room temperature for 1-3 minutes. Then the tube was 
centrifuged at 4000 g for two minutes at 4C. The supernatant was discarded; the pellet 
was washed twice with 75% ethanol, eluted in 200 µL of 8 mM NaOH solution, and 
kept at 20 °C until used. 
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3.6.2 PCR amplification 
For each sample, 2 μL genomic DNA was subjected to PCR analysis, using the primers 
forward Blast 505–532 (5‘ GGA GGT AGT GAC AAT AAATC 3‘) (Böhm‐Gloning et 
al., 1997) and reverse Blast 998–1017 (5‘TGC TTT CGC ACT TGT TCATC 3‘) 
(Santín et al., 2011) amplifying an approximately 500 base pair (bp) fragment of the 
1,800 bp small subunit ribosomal RNA gene (SSU-rDNA). Each 50 μL PCR-mixture 
contained: 
10× PCR buffer (iNtRON Biotechnology, South Korea) 5.0 μL 
Magnesium Chloride (MgCl2), 25 mM ( iNtRON)  3.0 μL 
Deoxynucleotide triphosphate (dNTP) Mix, 10 mM (iNtRON) 2.0 μL 
Taq DNA Polymerase, 5U/μL (iNtRON) 0.5 μL 
Bovine Serum Albumin BSA, 0.1 g/10 mL (New England Biolabs, USA) 2.5 μL 
Forward primer (Bioneer, South Korea)  0.5 μL 
Reverse primer (Bioneer)  0.5 μL 
Nuclease Free Water (dH2O)  up to 50 L 
The mixture was briefly centrifuge at 2000 rpm at room temperature for 5 
seconds and the amplified by using the PCR thermal cycler (MultiGene
TM 
II, LabNet, 
Edison, USA). The PCR amplification consisted of an initial pre-heat step at 95°C for 4 
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minutes and then 35 cycles of 95°C for 30 seconds, 54°C for 30 seconds, and 72°C for 
30 seconds after. A final extension step at 72°C for 5 minutes was included. 
3.6.3 Agarose gel electrophoresis 
At end of PCR run, the PCR products were verified using a 1.5% agarose gel 
electrophoresis. The electrophoresis was carried out as below: 
For 1.5% gel, 1.5 g of agarose was added to 100 mL of 1Tris-acetate EDTA (TAE) 
buffer (Lonza, USA). The mixture was heated in a microwave oven until the gel was 
completely dissolved. The gel was allowed to cool to 65°C and 10 μL of SYBR® safe 
DNA gel stain (Invitrogen) was added and mixed thoroughly. Then the mixture was 
poured into a horizontal gel-casting tray with a comb of 1 mm thickness. The gel was 
allowed to solidify at room temperature. After the gel had solidified, the comb was 
carefully removed and the tray was placed into the tank. Subsequently, 1 TAE buffer 
was poured into the tank until the whole gel was covered. Then 10 μL of PCR product 
was mixed with 2 μL of 6 loading dye (AIT biotech, Singapore), and loaded into the 
well of the gel. Also, 5 μL of 100 bp DNA ladder (iNtRON) and 5 μL of dH2O 
wereused as a standard marker and negative control, respectively included in each 
electrophoresis. The gel was set to run at 100 volts for 30 minutes or until the dye had 
reached ¾ the gel. At end of the electrophoresis, DNA bands were visualized under 
ultraviolet (UV) transilluminator (3UV
TM 
Transilluminator, LMS-20E, UVP, USA) and 
photographed for permanent record. 
3.6.4 Extraction and purification of DNA (PCR product) from agarose gel 
QIAquick gel extraction kit (QIAGEN, Hilden, Germany) was used to extract and 
purify DNA fragments from agarose gel according to the manufacturer‘s protocol as 
following. The DNA fragment of the interest was excised from the agarose gel using a 
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clean, sharp scalpel; the gel slice was weighed and transferred into a 1.5-mL 
microcetrifuge-tube. All centrifugation steps were performed at 13000 rpm. Three 
volumes of Buffer QG was added to one volume of the gel (100 mg ~ 100 mL) and the 
mixture was incubated at 50°C for 10 minutes or until the slice has completely 
dissolved. To help dissolving gel, the mixture was mixed by vortexing the tube every 2-
3 minutes during the incubation period. After the gel has completely dissolved, one gel 
volume of isopropanol was added to the sample and mixed. The mixture was transferred 
into a QIAquick spin column in a 2-mL collection-tube and centrifuged for 1 minute for 
binding the DNA. Then flow-through was discarded and QIAquick column was placed 
back in the same collection tube.  
Subsequently, 0.5 mL of Buffer QG was added to QIAquick spin column and 
centrifuged for 1 minute to remove all traces of agarose. Then flow-through was 
discarded and QIAquick column was placed back in the same collection-tube. For 
washing, 0.75 mL of Buffer PE was added to QIAquick spin column and centrifuged for 
1 minute. Then flow-through was discarded and QIAquick column was placed back in 
the same 2-mL collection-tube, and then centrifuged for an additional 1 minute. This 
step is necessary to remove completely the residual ethanol from Buffer PE. The 
column then was placed into a clean 1.5-mL centrifuge-tube. To elute the DNA, 30 μL 
of Buffer EB was then added to the center of the QIAquick membrane and the column 
was allowed to stand for 1 minute at room temperature before being centrifuged for 1 
minute. 
3.6.5 Cloning  
Purified PCR products were cloned in the pGEM®-T Vector (Promega, Madison, USA) 
and amplified in Escherichia coli JM109 competent cells (Promega). The cloning 
process was carried out as below: 
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3.6.5.1 Ligation 
In the ligation step, a fragment of DNA (PCR product) containing the gene to be cloned, 
was inserted into the pGEM®-T Vector to produce a recombinant DNA molecule. The 
ligation process was performed as described below: 
Before setting up the ligation reaction, the pGEM®-T Vector was briefly 
centrifuged to collect the content at the bottom of the tubes. The 2 Rapid Ligation 
Buffer was vortexed vigorously before each use. The ligation reaction was set up as 
described below: 
2X Rapid Ligation Buffer  5 μL 
pGEM®-T Vector (50ng)  1 μL 
PCR product 3 μL 
T4 DNA Ligase (3 Weiss units/μL) 1 μL 
The reaction was mixed by pipetting and incubated for one hour at room 
temperature. Alternatively, if the maximum number of transformants is required, the 
incubation time can be extended overnight at 4°C. 
3.6.5.2 Transformation 
 In transformation step, the vector transports the gene into a host cell, which is usually a 
bacterium. Within the host cell, the vector multiplies, producing numerous identical 
copies, not only of itself but also of the gene that it carries. After a large number of cell 
divisions, a colony, or clone, of identical host cells is produced. Each cell in the clone 
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contains one or more copies of the recombinant DNA molecule (Brown, 2010). The 
transformation process was performed as described below: 
The tubes containing the ligation reactions (Section 3.6.5.1) were centrifuged to 
collect the contents at the bottom. 5 μL of each ligation reaction was added into a sterile 
1.5-mL microcentrifuge-tube placed on ice. Escherichia coli JM109 High Efficiency 
competent cells (Promega) were removed from freezer and placed in ice bath until just 
thawed (about 5 minutes). The cells were mixed by gently flicking the tube. Excessive 
pipetting should be avoided, as competent cells are extremely fragile. Carefully 50 μL 
of cells was transferred into the tubes contained the ligation reactions. The tubes were 
mixed by gently flicking, and incubated on ice for 30 minutes.  
The cells were heat-shocked for 45–60 seconds in a water bath at exactly 42°C.  
The tubes were immediately returned to ice for 2 minutes. Then, 950 μL of room-
temperature LB broth (Appendix A.8a) was added to the tubes containing cells 
transformed with ligation reactions, and the mixture was incubated at 37
⁰
C for 2 hours 
at 250 rpm in a shaking incubator. The tubes were centrifuged at 5000 rpm for 5 
minutes. The supernatant was discarded and the pellet was resuspended in 200 µL of LB 
broth. 100 μL of each transformation culture was plated evenly on each of two 
LB/ampicillin/IPTG/ X-Gal plates (Appendix A.8e). The plates were allowed to set at 
room temperature until the transformation mixture has absorbed into the agar. Then the 
plates were inverted and incubated overnight (16–24 hours) at 37°C.  
3.6.5.3 Blue/White colonies selection of Recombinants 
Successful cloning of an insert into the pGEM® Vector interrupts the coding sequence 
of the enzyme-galactosidase; recombinants can be identified by colour screening on 
indicator plates. Screening for -galactosidase presence or absence involved a lactose 
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analogue called X-gal (5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside) which is 
broken down by -galactosidase to a product that coloured deep blue. When X-gal (plus 
an inducer of the enzyme such as isopropylthiogalactoside, IPTG) was added to the 
agar, along with ampicillin, non-recombinant clones which synthesized -galactosidase, 
produced blue colonies, whereas recombinants that unable to make -galactosidase, 
produced white colonies (Brown, 2010). 
The recombinant colonies were numbered using a permanent marker at the 
bottom of LB-ampicillin X-Gal/IPTG plates. A new LB-ampicillin plate was drawn 
with 24-square grid using a marker. Each colony was streaked onto the LB-ampicillin 
plate according to the respective numbers, by using sterile pipette tips for each colony. 
The plates were placed upside down in a 37°C incubator for 12-24 hours. 
3.6.6 Identification of recombinants colony by PCR 
Ten white colonies were analyzed for the presence and orientation of the DNA inserted 
by using PCR amplification with similar primers and condition as mentioned in section 
3.6.2. An individual white colony was picked using a sterile pipette tip and resuspended 
in 50 μL of the PCR master mix, and then subjected to PCR amplification. The PCR 
products were electrophoresed in agarose gel for the presence of the PCR product of the 
expected length (approximately 500 bp). 
3.6.7 Maintenance and long-term storage of E.coli cells 
The recombinant E.coli clone that contain plasmid from Section 3.6.6 can be maintained 
by sub-culturing to fresh LB/ampicillin (Appendix A.8c) plate every week. For long-
term storage, the recombinant clones were cultured overnight (16-24 hours) in 2 mL of 
LB-ampicillin broth with 250 rpm agitation. Then 0.85 mL of culture was mixed with 
0.15 mL of sterile glycerol by pipetting and inverting the tubes for several times, 
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transferred to a cryovial, and stored at 80°C. The stored clones can be recovered by 
thawing of the mixture on ice and spreading onto fresh LB/ampicillin plates. 
3.6.8 Purification of plasmid DNA  
Minipreparations of plasmid DNA were done by using the QIAprep Spin Miniprep kit 
(QIAGEN) according to the manufacturer‘s protocol as following. Recombinant 
colonies (Section 3.6.6) were cultured in 5 mL of LB-ampicillin broth (Appendix A.8d), 
and incubated for 16 hours at 37°C with vigorous shaking (250 rpm). The bacterial cells 
were harvested by centrifugation at 5000 rpm for 5 minutes at 4°C. The pellet was 
transferred to a sterile 1.5-mL microcentrifuge-tube and spun at 4000 rpm for 5 minutes.  
Supernatant was removed by inverting the open centrifuge tube until all medium has 
been drained. The pelleted bacterial cells were resuspended in 250 μL of Buffer P1 and 
transferred to a new microcentrifuge-tube. The bacteria should be resuspended 
completely by vortexing or pipetting up and down until no cell clumps remain. The lysis 
reaction was carried out by adding 250 μL of Buffer P2 and then mixing gently by 
inverting the tube 4 to 6 times. In this step, mixing by vortexing was avoided as this 
could result in shearing of genomic DNA, and the lysis reaction was not allowed to 
proceed for more than 5 minutes. The lysis reaction was stopped by adding 350 μL of 
Buffer N3 and mixing immediately and thoroughly by inverting the tube 4 - 6 times. 
Subsequently, the tube was centrifuge for 10 minutes at 13,000 rpm in which a 
compact white pellet was formed. Supernatant was transferred into the QIAprep spin 
column of a 2-mL collection-tube by pipetting followed by centrifugation for 1 minute 
at 13,000 rpm. The flow-through was discarded, and the column was washed by adding 
0.5 mL of Buffer PB and centrifuged for 1 minute. This step was necessary in order to 
remove trace nuclease activity when using bacteria strains such as the JM series, which 
have high levels of nuclease activity or high carbohydrate content. Then the flow-
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through was discarded, while the column was washed by adding 0.75 mL of Buffer PE 
and centrifuged for 1 minute at 13,000 rpm. The flow-through was discarded, and an 
additional centrifugation was carried out for another minute to completely removed 
residual wash buffer. Finally, the column was placed in a clean 1.5-mL microcentrifuge-
tube and 50 μL of Buffer EB was added to the center of the column, incubated for 1 
minute at room temperature, and centrifuged for one minute at 13,000 rpm. The plasmid 
DNA was kept at -20°C until use. 
3.6.9 Sequencing of DNA 
Three to four clones containing inserts of approximately the expected size were 
arbitrarily selected for each sample and sequenced on both strands using M13 forward 
(5‘GTA AAA CGA CGG CCA GT‘3) and M13 reverse primers (5‘GCG GAT AAC 
AAT TTC ACA CAG G‘3). Sequencing was carried out in Taiwan using the ABI Big 
Dye® Terminator Cycle Sequencing Ready Reaction Kit v3.1, using the ABI PRISM
® 
3730xl DNA Analyzer (Applied Biosystems, USA).  
3.6.10 Phylogentic analyses 
Upon receiving the sequence chromatograms, the sequence belonging to inserted DNA 
fragment were extracted from the vector using Gene Runner software (version 3.05). 
These sequences were subjected to BLASTn searches in the Genbank database to 
confirm specimens as Blastocystis subtypes were identified by determining the exact 
match or closest similarity against all known Blastocystis subtypes according to the last 
classification by Stensvold et al. (2007b). Sequences downloaded from Genbank as well 
as those obtained from this study were aligned using ClustalW of BioEdit software 
(version 7.0.9.0) (Hall, 1999).  
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Phylogenetic trees were constructed using the maximum likelihood and the 
neighbor-joining methods. Maximum Likelihood (ML) analysis was performed in 
MrBayes v3.1.2 (Huelesnbeck & Ronquest, 2001), using the General Time Reversible 
(GTR) model of sequence evolution (Green, 1995). Bootstrap resampling with 1000 
replicates were carried out to determine the measure of support for the clades generated.  
The neighbor-joining (NJ) method was carried out using the software MEGA 
/version 4 (Tamura et al., 2007) and molecular distances were estimated by the Kimura 
two-parameter model (Kimura, 1980). Branch reliability was assessed using bootstrap 
analysis (1000 replicates). Proteromonas lacerate (U37108), an organism 
phylogenetically closely related to Blastocystis sp. was used as the out-group. 
3.7 COLLECTION AND EXAMINATION OF WATER SAMPLES  
A total of 65 water samples were collected from the schools and the villages of Malay 
and aboriginal schoolchildren in Lipis and Raub districts, Pahang state. Approximately 
5-10 litre of water was collected from different sources (i.e., tap water, river, tank stored 
with rainwater and well). Water sample was not collected from the study area in Libya 
due to unsafe situation in Libya of which ongoning civil war and internal conflict since 
early 2011. 
3.7.1 River water 
A total of 21 water samples were collected from two rivers (In Malaysia, the crook, 
stream and river are recognized as `Sungai‘ which means river). In this study, both 
`Sungai Ulu‘ and `Sungai Kuala Lipis‘ (are actually the streams with the width and 
depth between 2-5 meters and 0.5-1.5 meters, respectively) located in Kampong Sungai 
Ulu (`kampong‘ means village) and Kampong Kuala Lipis in Lipis and Raub districts, 
Pahang state. The samples were collected once a month for 6 months continuously, 
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starting from December 2011 to June 2012. At each river, 3 different sampling sites 
were selected which were upstream, midstream, and downstream. In every sampling 
visit, two sets of water samples were collected; the first set was used for detection of 
Blastocystis sp., while the second set was used for detection faecal coliforms. For 
detection of Blastocystis sp., 5 litres of water samples were collected from each 
upstream, midstream, and downstream sites. Out of 21 samples collected, 12 were from 
Sungai Ulu, of which 4 samples were taken from each collection site (i.e. Upstream, 
midstream and downstream), while 9 water samples were collected from Sungai Kuala 
Lipis, of which 3 samples were taken from each sampling site (i.e. upstream, midstream 
and downstream). For detection of faecal coliforms, 500 mL of water samples were 
collected from each upstream, midstream, and downstream sites. Water samples were 
transferred as soon as possible under normal condition (without ice pack) to the 
laboratory. However, samples collected for isolation of faecal coliforms were placed in 
a cold ice-packed box and processed upon arrival or within 8 hours after collection. 
3.7.2 Household and schools water 
Household water samples were collected from 25 households in both communities (the 
Aborigine and Malay) which include 20 taps, 12 tanks stored with rainwater that placed 
just below the roof (Appendix D.12) and 6 wells. In addition, 6 samples of groundwater 
from 3 wells (the ground water is available at underground of 25-30 feet depth by using 
automatic pump suction available at respective schools) were collected from three 
schools namely: the Satak National School, the Kuala Koyan National School, and the 
Gahai National School. Two sets of water samples were collected for detection of 
Blastocystis sp. and faecal coliforms. There were 10 litres and 500 mL of water samples 
were collected from each source for the detection of Blastocystis sp.and faecal 
coliforms, respectively. Concurrently, data on water supply, the sanitary condition of 
the houses and practice of drinking boiled water were gathered through interview and 
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observations. Water samples were transferred as soon as possible to the laboratory, and 
processed upon arrival or within 8 hours after collection. 
3.7.3 Measurement of the water physical parameters 
There are many types of physical parameters such as temperature, turbidity, total 
dissolved solids, etc. used as direct or indirect indices for the water quality. However, 
the physical parameters are not absolute indicators of water pollution and their normal 
values may vary considerably, depending on the condition of the body of water. 
In this study, physical parameters of water including temperature, conductivity, 
pH, dissolved oxygen, and total dissolved solids were measured in situ during sampling 
using a multipurpose meter (Yellow Springs Instrument Co. Ins., Ohio, USA, YSI 
model. 556), while turbidity was measured using a turbidity meter (Hach, 
Loveland,USA, model 2100P). 
3.7.4 Isolation and enumeration of faecal coliforms 
Biological indicator, in particular the coliforms group, as a means of assessing the 
general water quality and the potential presence of water-borne pathogens has been 
paramount to protecting public health. Faecal coliforms are form of bacteria found in 
human and animal faecal waste, and its presence in water indicates that the faecal 
contamination has occurred. Faecal coliforms organisms are different from other 
members of the coliforms group because they are of exclusively faecal origin and 
consequently able to grow and ferment lactose at 44°C. This thermo-tolerant 
characteristic has often been used to isolate faecal coliforms from other types of 
coliforms (Rompre´ et al., 2002). 
Faecal coliforms were isolated and enumerated from water by using the 
membrane filtration technique as described by UK Standing Committee of Analysts 
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(SCA), the Environment Agency (Standing Committee of Analysts, 2009). Water 
samples were collected in sterile 500 mL Schott bottles, placed in a cold ice-packed box 
and transported as soon as possible to the laboratory. Different volumes of sample were 
filtered to ensure that the number of colonies on at least one of the membrane would fall 
between 20 and 60. For each sample, 0.1 mL, 1.0 mL, 5.0 mL, 10 mL, 50 mL, and 100 
mL of water were filtered. Dilutions for sample were done when necessary using sterile 
Ringer‘s quarter strength solution (Oxoid, Hampshire, UK), so the minimum volume 
filtered should not be less than 10 mL. Each dilution was filtered through sterile 
nitrocellulose filters (47 mm diameter, 0.45 μm pore size, Millipore, Bedford, USA) 
held in a filter holder, using a vacuum pump. The bacteria in the water sample were 
retained on the surface of the membrane, of which were then transferred to sterile petri 
dishes with absorbent pad (Millipore) containing lauryl sulphate membrane medium 
(Appendix A.10). Plates were sealed with parafilm, and incubated at 30°C for 4 hours to 
resuscitate the growth of bacteria before they were further incubated in a 44.5°C 
incubator for 14 hours. Faecal coliforms that formed yellow colonies were counted and 
expressed as colony forming unit per 100 mL (CFU/100 mL). Taking in account any 
dilution used (as necessary), faecal coliforms count was calculated by using the 
following formula: 
Faecal coliforms count/100 ml = Number of colonies counted x 100 x dilution 
Volume of sample filtered (ml) 
3.7.5 Detection of Blastocystis sp. 
Ten litres of each water sample was filtered through a cellulose ester membrane (142 
mm diameter, 1.2-μm pore size, Millipore). The filter membrane was place on a filter 
holder (Millipore) and wetted with sterile distilled water. The water sample was filtered 
through the membrane using peristaltic pump (Millipore). If there was a blockage of the 
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water flow, a new membrane filter will be replaced. The method was repeated until the 
entire 10 litres water sample was completed. Subsequently, the sediment on the 
membrane(s) was collected by scrapping using a plastic scrapper, and rinsing with 
sterile distilled water. The sediment was then transferred into a 50-mL centrifuge-tube 
and centrifuged at 3000 rpm for 15 minutes. The supernatant was discarded until 5 mL 
was left and the pellet was then resuspended. Finally, 5 drops were inoculated into a 
1.5-mL mircocentrifuge-tube containing 1.0 mL complete Jones‘ medium, and 
incubated overnight at 37°C. Five replicates of inoculation were carried out for each 
water sample. The medium in each of these culture tubes was replaced with the new 
complete Jones‘s medium every alternate day starting from day 2 of cultivation. This 
was carried out by discarding about 800 μL without disturbing the pellet and replaced 
by adding 800 μL of new complete Jones‘ medium. 
The presence of Blastocystis sp. was observed daily for 14 days of cultivation, 
by placing 1 drop of cultured sediment onto a glass slide, covered with a cover slip and 
viewed (100 and 400 objectives) under light microscopy. Positive cultures were 
defined by identification of any form of Blastocystis sp. (i.e. vacuolar, granular, 
amoeboid, and cystic forms).  
3.7.6 DNA extraction from water samples 
Genomic DNA of Blastocystis from water samples was extracted using QIAamp® DNA 
Blood Mini kit (QIAGEN) according to the manufacturer‘s protocol as following. 
Blastocystis cells from five culture tubes (section 3.7.5) were accumulated by 
centrifugation for 5 minutes at 500 rpm. The supernatant was discarded and the pellet 
was accumulated in a 1.5-mL centrifuge-tube and subsequently washed at least 3 times 
with PBS. The pelleted cells of approximately 3 106 were suspended in 200 μL of 
PBS. Then 20 μL of Protease QIAGEN was added followed by 200 μL Buffer AL. In 
84 
 
order to ensure efficient lysis, it is essential that the sample and Buffer AL should be 
mixed thoroughly by pulse-vortexing for 15 seconds. The sample was incubated at 56

C 
for 10 minutes. The tube was centrifuged briefly to remove drops from the inside of the 
lid. Then, 200 μL of absolute ethanol was added, and mixed again by pulse-vortexing 
for 15 seconds. After mixing, the tube was centrifuged briefly to remove drops from the 
inside of the lid. Carefully the mixture was transferred into the QIAamp Mini spin 
column (in a 2-mL collection-tube) without wetting the rim, and centrifuged at 8000 
rpm for 1 minute.  
The collection-tube containing the filtrate was discarded, and the QIAamp Mini 
spin column was placed in a clean 2-mL collection-tube. Subsequently, 500 μL of 
Buffer AW1 was added without wetting the rim and the tube was centrifuged at 8000 
rpm for 1 minute. Then the tube containing the filtrate was discarded, and the QIAamp 
Mini spin column was placed in a clean 2-mL collection-tube. After that, 500 μL of 
Buffer AW2 was added without wetting the rim and the tube was centrifuged at 13,000 
rpm for 3 minutes. The tube containing the filtrate was discarded, and the QIAamp Mini 
spin column was placed in a clean 2-mL collection-tube and centrifuged at 13,000 rpm 
for 1 minute. The column was then placed into a clean 1.5-mL centrifuge-tube, 200 μL 
of Buffer AE was added, incubated at room temperature for 1 minute, and then 
centrifuged at 8000 rpm for 1 minute. The DNA was kept at 20°C until use. 
3.7.7 PCR amplification, cloning and phylogenetic analysis 
PCR amplification, cloning and phylogenetic analysis for water samples were 
performed as above mentioned in sections 3.6.2, 3.6.5, 3.6.9 and 3.6.10. 
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3.8 STATISTICAL ANALYSIS  
Data analysis was performed using the Statistical Package for Social Sciences for 
Windows, SPSS (version 13, September 2004). Proportion (percentage) was used to 
present the prevalence of infections and frequency of other categorical variables. Mean 
and standard deviation (SD) were used to present the normally distributed quantitative 
variables whereas non-normally distributed variables were presented as median and 
interquartile range (IQR). Pearson‘s Chi-square (χ2) or the Fisher‘s exact testwere used 
where appropriate to test the associations between the variables. The 95% confidence 
interval (C.I.) was used wherever relevant. Multiple logistic regression was performed 
to identify the significant predictors of Blastocystis infection among the studied 
communities. Variables that showed significant association with P-value of 0.25 were 
used to develop the multivariate regression models (Bendel & Afifi, 1977). The linear 
regression analysis was carried out to examine the relationship between Blastocystis sp. 
and the physical and biological factors of water. P<0.05 was considered statistically 
significant. 
3.9 LIMITATIONS OF THE STUDY 
Collection of faecal samples from aboriginal schoolchildren was a big challenge. 
Besides, some schoolchildren have provided inadequate amount of faeces for analysis 
that resulted in these samples could not be processed. 
Some questionnaires that were collected from Libyan outpatients were 
uncompleted. Some socioeconomic data such as occupation, level of education, and 
family size, were missing. In addition, information such as household income and 
personal hygiene practices consider private affairs, therefore many participants were 
unwilling to reveal them. In order to minimize this problem, questions about personal 
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hygiene were asked indirectly and those about household income were excluded from 
the analysis, as most of data were incomplete.  
Problems were faced during cloning experiment, as some samples were difficult 
to be cloned. The problems overcame by optimizing PCR and cloning protocols in the 
aim to obtain accurate and reliable results. 
Water samples could not be collected from the study area in Libya due to 
logistic issues. The situation was risky since early 2011 due to the civil unrest and war 
in Libya. Besides, detection of Blastocystis sp. in water samples was added as new 
objective to replace the immunological part, which, could not be accomplished due 
some issues encountered during running the laboratory experiments. These issues 
include the failure to control the optimal parasite growth in the cultures, which require 
for obtaining accurate results.  
As a limitation for this study, faecal samples could not be collected from 
animals in the study areas in both countries. Data on the occurrence of Blastocystis sp. 
in animals would be beneficial for better understanding of the actual transmission 
dynamics of this parasite. 
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CHAPTER IV 
RESULTS 
 
4.1 MORPHOLOGICAL CHARACTERSTIC OF BLASTOCYSTIS SP. 
Blastocystis sp. was observed as three morphological forms (vacuolar, granular, and 
amoeboid) in culture samples under light microscopy (Figure 4.1). The predominant 
morphological form in the cultures was the vacuolar form with range of 5-15 µm in 
diameter, large central vacuole, thin rim of peripheral cytoplasm and multiple nuclei 
situated at the opposite ends of the cell. The granular form was less dominant and 
commonly seen in older cultures (more than 48 hours). Morphologically, this form was 
identical to vacuolar form except that granules were observed in the central vacuole. 
The amoeboid form was rarely observed in the culture medium and characterized by the 
presence of one or more pseudopods and the lack of the central vacuole.  
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Figure 4.1: Various forms of Blastocystis cells (400) from culture of faecal samples 
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4.2 PRVELANCE AND PREDICTORS OF BLASTOCYSTIS INFECTION  
4.2.1 Prevalence and predictors of Blastocystis infection among rural Malaysian 
primary schoolchildren 
4.2.1.1 Demographic and socio-economic characteristics 
A total of 300 primary schoolchildren (150 males and 150 females, aged 6–12 years, 
median age = 9 years, interquartile range = 9-11 years) participated in this study. 
General characteristics of the subjects, including the demographic and socio-economic 
profiles, are shown in Table 4.1. Most of the schoolchildren (60.3%) were Aborigines 
and belonging to relatively large families (< 7 members). Less than half of the children 
belong to families with low monthly income (< RM500.00/month; 1US$ = RM3.00). 
About three quarters of parents had formal education (at least 6 year). In comparison, 
household monthly income and the percentage of fathers who have at least 6 years of 
formal education are significantly higher among Malay compared to aboriginal people. 
On the other hand, the percentage of working aboriginal mothers (mostly farmers or 
rubber tapper) was significantly higher than in Malay people (P < 0.05). However, there 
was no significant difference in the percentage of mothers with at least 6 years of formal 
education between both populations. The majority of aboriginal people worked as 
farmers, and almost half of the Malay either were government employees or have their 
own business.  
The majority of the households (73.0%) in the study areas have no toilet 
facilities, rivers were used as the preferred defecation sites as well sources of water for 
domestic usage. Moreover, about half of the households in the area have access to piped 
water supply. 
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Table 4.1: General characteristics of schoolchildren participating in the study 
(n=300) 
Characteristics No. (Frequency %) 
Age groups  
≤10 years 152 (50.7) 
> 10 years 148 (49.3) 
Sex  
Males 150 (50.0) 
Females 150 (50.0) 
Ethnicity  
Malay 119 (39.7) 
Aborigines 181 (60.3) 
Fathers’ education  
No formal education  69 (23.0) 
Formal education (≥6 years) 231 (77.0) 
Mothers’ education  
No formal education 64 (21.3) 
Formal education (≥6 years) 236 (78.7) 
Mothers’ employment status  
Not working  174 (58.0) 
Working 126 (42.0) 
Household monthly income  
<RM 500 133 (44.3) 
≥RM 500 167 (55.7) 
Family size  
>7 members  (Large) 193 (64.3) 
≤7 members 107 (35.7) 
Source of water supply  
Piped 158 (52.7) 
Others (river, rain, well) 142 (47.3) 
Toilet facility in house  
Yes  81 (27.0) 
No  219 (73.0) 
Presence of animals in house  
Yes  215 (71·7) 
No  85 (28.3) 
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4.2.1.2 Prevalence and distribution of Blastocystis infection  
The overall prevalence of Blastocystis sp. was 25.7% (77/300), it was more frequent in 
males than females though this difference was not statistically significant (χ2 = 2.950; 
P=0.086). Similarly, there was no significant difference in the rate of infection 
according to age (χ2 = 0.031; P = 0.860). Moreover, the prevalence of Blastocystis sp. 
was higher among the aboriginal children than the Malay but the difference was also not 
statistically significant (29.3% compared to 20.2%; χ2 = 3.126; P = 0.077).  
Concerning the symptoms, the prevalence of Blastocystis sp. was significantly 
higher among the participants who had gastrointestinal symptoms as compared to 
asymptomatic participants (34.7% compared to 22.7%; χ2 = 4.246; P = 0.039), with 
abdominal pain and diarrhoea as the most common symptoms (Figure 4.2).  
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Figure 4.2: Distribution of gastrointestinal symptoms among Blastocystis-infected 
schoolchildren 
 
4.2.1.3 Prevalence of other parasitic infections 
Faecal specimens were also screened for the presence of other intestinal parasitic 
infections, and the children were infected with Trichuris trichiura (47.0%), Ascaris 
lumbricoides (20.7%), hookworm (1.7%), Giardia duodenalis (15.3%), and Entamoeba 
histolytica/dispar (4.3%). Except giardiasis, there was no significant association 
between these infections and the gastrointestinal symptoms (P > 0.05). Regarding co-
infections, only 2.3% of the children had both Blastocystis sp. and G. duodenalis, while 
5.3% had Blastocystis sp. with Ascaris and/or Trichuris. However, about half (49.4%; 
38/77) of the Blastocystis infections were single infections, and were found to be 
associated significantly with the gastrointestinal symptoms (χ2 = 4.861; P = 0.027). 
93 
 
4.2.1.4 Predictors of Blastocystis infection 
Variables that may be associated with the prevalence of Blastocystis infection were 
analysed using univariate and multivariate analyses, and the results are presented in 
Table 4.2 and 4.3. The results of univariate analysis showed that the absence of a piped 
water supply (χ2 = 14.844; P < 0.001) and the low level of mothers‘ education (χ2 = 
9.097; P = 0.003) were significantly associated with the prevalence of infection. On the 
other hand, other variables including age, sex, race, family size, family monthly income, 
parental employment status, and the presence of animals at the household showed no 
significant association with the prevalence of Blastocystis infection.  
Logistic regression analysis confirmed that the absence of a piped water supply 
and the low level of mothers‘ education were the significant predictors for the 
occurrence of Blastocystis infection. Schoolchildren who do not have a tap water 
facility were more than three times as likely to be infected (OR = 3.13; 95% CI = 1.78, 
5.46; P < 0.001). Likewise, children from mothers with a low level of education were 
more likely to be infected with Blastocystis sp. as compared to those of mothers with at 
least 6 years of formal education (OR = 3.41; 95% CI = 1.62, 7.18; P < 0.001). 
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Table 4.2: Univariate analysis of potential predictors associated with Blastocystis 
infection among rural schoolchildren in Pahang, Malaysia (n=300) 
Variables Infected  % OR (95% CI) p 
Age groups    
≤10 years 26.0 1.05 (0.60, 1.85) 0.860 
> 10 years 25.0  1  
    
Sex    
Males 30.0 1.58 (0.94, 2.67 0.086 
Females 21.3 1  
    
Ethnicity    
Aborigines 29.3 1.64 (0.95, 2.84) 0.077 
Malay 20.2 1  
    
Fathers’ education    
No formal education  31.9 1.50 (0.83, 2.70) 0.178 
Formal education (≥6 years) 28.3 1  
    
Mothers’ education    
No formal education  45.9 2.88 (1.15, 5.84) 0.003* 
Formal education (≥6 years) 22.8 1  
    
Mothers’ employment status    
Not working (housewife) 25.3 0.95 (0.57, 1.61) 0.860 
Working (public/private) 26.2 1  
    
Family size    
>7 members  (Large) 31.8 1.63 (0.98, 2.76) 0.071 
≤7 members 22.3 1  
    
Household income    
<RM 500/month (low) 29.3 1.41 (0.84, 2.37) 0.196 
≥ RM 500/month 22.8 1  
    
Source of water supply    
Untreated  (river, rain, well) 35.9 2.85 (1.65, 4.89) <0.001* 
Treated (piped) 16.5 1  
    
Toilet facility in house    
No 26.0 1.07 (0.59, 1.93) 0.814 
Yes 24.7 1  
    
Presence of animals in house    
Yes  24.7 0.83 (0.47, 1.46) 0.522 
No  28.2 1  
OR: odds ratio; CI: confidence interval;  
* Significant association (P < 0.05) 
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Table 4.3: Results of multivariate analysis of potential predictors for Blastocystis 
infection among rural schoolchildren in Pahang, Malaysia (n=300) 
Variables 
Blastocystis infection 
P 
Adjusted OR (95% CI) 
Source of water supply (untreated) 3.13 (1.78, 5.46)  <0.001* 
Mothers‘ education (no formal education) 3.41 (1.62, 7.18) <0.001* 
OR: odds ratio; CI: confidence interval 
*
 Significant predictors (P ≤ 0.05) 
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4.2.2 Prevalence, predictors and clinical significance of Blastocystis infection in 
Sebha, Libya 
4.2.2.1 Demographic and socio-economic characteristics 
In the present study, faecal specimens were collected from a total of 380 patients (197 
males and 183 females) aged from 1 to 75 years (median age = 25 years, inter-quartile 
range = 9 - 41 years). The general characteristics of the patients are shown in Table 4.4. 
The patients were from Sebha city and its surroundings. Almost half of the participants 
had low level of education (31.6% had no formal education and 17.6% had primary 
education). Similarly, about half of them had high level of education (39.5% had 
secondary education and 11.3% had university degree). Moreover, all of the houses are 
built of bricks and concrete and had electricity, piped water and a toilet facility. More 
than half of patient enrolled in the study were asymptomatic while the rest were 
symptomatic with one or more of following gastrointestinal symptoms: abdominal pain, 
diarrhea, flatulence, constipation, vomiting, and nausea. 
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Table 4.4: General characteristics of the outpatients participating in the study (n=380) 
 Characteristic  No (%) 
Gender  
Male 197 (51.8) 
Female 183 (48.2) 
Age group (years) 
<18 142 (37.4) 
≥18 238 (62.6) 
Educational level 
≤ Primary school 193 (50.7) 
≥ Secondary school 187 (49.2) 
Occupational status  
Working 132 (44.0) 
Not working 168 (56.0) 
Drinking water (piped water) 
Untreated water 242 (63.7) 
Treated water (filtered or boiled) 138 (36.3) 
Presence of animals in the house 
Yes 44 (11.6) 
No 336 (88.4) 
History of  travel  
Yes 16 (4.2) 
No 364 (95.8) 
Presence of gastrointestinal (GI) symptoms 
Yes 153 (40.3) 
No  227 (59.7) 
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4.2.2.2 Prevalence and predictors of Blastocystis infection 
The overall prevalence of Blastocystis infection was 22.1% (84/380). The association of 
Blastocystis infection with the demographic and socioeconomic factors was examined 
using univariate analysis and the results are presented in Table 4.5. The results showed 
that the participants aged ≥ 18 years had a higher prevalence of Blastocystis infection 
than those aged < 18 years (29.4% vs. 9.9%; x
2
 = 19.746; P < 0.001). Similarly, a 
significantly higher prevalence of infection was reported in males as compared to 
females (26.4% vs. 17.5%; x
2 
= 4.374; P = 0.036). The prevalence of infection was 
significantly higher among those who were working (31.8% vs. 19.6%; x
2 
= 5.848; P = 
0.017) and had low educational level (26.4% vs. 17.6%; x
2 
= 4.250; P = 0.042) 
compared to their counterparts. On the other hand, those living in families with ≥ 7 
members had significantly lower prevalence of Blastocystis infection than those living 
in small families (18.0% vs. 27.8; x
2
= 5.180; P = 0.023). Multiple logistic regression 
analysis confirmed the age of ≥ 18 years (OR = 5.7; 95% CI = 2.21, 9.86) and working 
status (OR = 2.2; 95% CI = 1.02, 4.70) as significant predictors of blastocystosis among 
this population (Table 4.6). Other variables including type of drinking water, presence 
of animals at household and travel history showed no significant association with the 
prevalence of Blastocystis infection. 
4.2.2.3 Single and multiple infections 
Of 380 patients examined, 91 (24%) were positive for intestinal protozoa. Of these 91 
patients, 79 patients were singly infected with Blastocystis sp., five patients were 
infected with Blastocystis sp. concurrently with four species of intestinal parasites 
namely Giardia duodenalis, Entamoeba histolytica/dispar, Crptosporidium spp. and 
Enterobius vermicularis. Moreover, 7 patients were Blastocystis-negative but infected 
with either Giardia duodenalis or Entamoeba histolytica/dispar. 
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4.2.2.4 Symptoms 
Most gastrointestinal symptoms reported by symptomatic patients were nonspecific and 
included diarrhea, abdominal pain, flatulence, constipation, nausea, and vomiting. The 
prevalence of Blastocystis infection was significantly higher among the symptomatic 
subjects compared to the asymptomatic subjects (35.3% vs. 13.2%; x
2 
= 25.874; P < 
0.001). In the group examined, 64.3% (54/84) of the Blastocystis-positive patients were 
symptomatic and 35.7% (30/84) were asymptomatic. Blastocystis sp. represented the 
only intestinal parasite in 51 of these symptomatic patients. The common symptoms 
among patients infected exclusively with Blastocystis sp. were abdominal pain (76.4%), 
flatulence (41.1%), and diarrhoea (21.5%). Moreover, 5.8% and 3.9% of these patients 
had nausea/vomiting and constipation, respectively. Twenty-one of the symptomatic 
patients (41.2 %) had two or more GI symptoms while 35.3% had only one symptom. 
Abdominal pain (35.9% vs. 14.9%; x
2 
= 22.023; P < 0.001) and flatulence (49.1% vs. 
17.5%; x
2 
= 27.197; P < 0.001) were the significant symptoms associated with 
Blastocystis infection observed in the subjects studied (Table 4.5). 
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Table 4.5: Univariate analysis of potential risk factors for Blastocystis infection among 
the outpatients (n=380) 
Variable  
 
Blastocystis infection 
OR  (95% CI) P 
Examined   % Infected 
    
Age     
≥18 years 238 29.4 3.81 (2.05,7.06) <0.001* 
<18 years 142 9.9 1  
Gender     
Male 197 26.4 1.69 (1.03, 2.77) 0.036 * 
Female 183 17.5 1  
Education level     
≤ Primary school 193 26.4 1.70 (1.02, 2.75) 0.042* 
≥ Secondary school 187 17.6 1  
Occupational status     
Working 132 31.8 2.0 (1.13, 3.24) 0.017* 
Not working 168 19.6 1  
Family size     
≥ 7 members (large) 222 18.0 0.6 (0.35, 0.93) 0.023* 
< 7 members 158 27.8 1  
Drinking water     
Untreated water 242 23.1 1.2 (0.70, 1.97) 0.520 
Treated water (chemical, 
filtered or boiled) 
138 20.3 1  
Presence of animals in the house    
Yes  44 13.6 0.5 (0.21, 1.28) 0.150 
No 336 23.3 1  
History of recent overseas travel      
Yes 16 31.3 1.6 (0.55, 4.85) 0.360 
No 364 21.7 1  
Presence of GI symptoms     
Yes 153 35.3 3.6 (2.14, 5.94) <0.001* 
No 227 13.2 1  
Abdominal pain     
Yes 131 35.9 3.2 (1.94, 5.28) <0.001* 
No 249 14.9 1  
Diarrhoea     
Yes 41 31.7 1.8 (0.86, 3.56) 0.117 
No 339 20.9 1  
Flatulence     
Yes 55 49.1 4.5 (2.48, 8.26) <0.001* 
No 325 17.5 1  
OR: odds ratio; CI: confidence interval 
* Significant association (P < 0.05) 
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Table 4.6: Results of multivariate analysis of potential predictors for Blastocystis 
infection among the outpatients (n=380) 
Variables 
Blastocystis infection 
P 
Adjusted OR (95% CI) 
Age (≥ 18 years) 5.7 (2.21, 9.86) 0.001* 
Gender (male) 1.6 (0.67, 3.55) 0.304 
Educational level (≤ Primary school) 1.8 (0.86, 4.26) 0.113 
Occupational status (working) 2.2 (1.02, 4.70) 0.045* 
Family size (small) 0.7 (0.32, 1.07) 0.063 
OR: odds ratio; CI: confidence interval 
*
 Significant predictors (P ≤ 0.05) 
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4.3 MOLECULAR IDENTIFICATION OF BLASTOCYSTIS SP. ISOLATED 
FROM MALAYSIAN SCHOOLCHILDREN  
4.3.1 Detection of Blastocystis sp. by PCR and DNA sequencing 
Blastocystis sp. was detected in 77 faecal samples collected from 300 Malaysian 
schoolchildren using in vitro cultivation. However, only 60 samples were subjected for 
PCR amplification while 22.1% (17/77) of positive cultures were died off during 
subsequent sub-cultures. Out of the 60 isolates, 55 were successfully produced the 
expected size of 500 bp fragment (Figure 4.3) of the SSUrDNA after PCR 
amplification. 45 out of 55 PCR-positive isolates were selected for cloning; however 
only 33 isolates were successfully cloned in Escherichia coli JM109. The selected 
clones (3 to 4) from each isolates were successfully sequenced and produced readable 
DNA sequences at approximately 479-483 bp of Blastocystis SSU rDNA gene. After 
multiple alignments using Clustal W of BioEdit software, 26 of these isolates consisted 
of DNA sequences with identical nucleotide sequences in three selected clones. Seven 
isolates consisted of DNA sequences with non-identical nucleotides in the sequenced 
clones. Besides, all of these sequences obtained in the study showed a high homology 
(99.1-100%) with their closet match reference sequences of Blastocystis from Genbank. 
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Figure 4.3: PCR products of Blastocystis isolates from schoolchildren in 1.5% agarose 
gel. M: 100 bp DNA Ladder; lane 1 to lane 12 Blastocystis isolates: 118M, 
80M, 112M, 133M, 81M, 71M, 72M, 94M, 123M, 110M, 105M and 
223M, respectively. 
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4.3.2 Phylogenetic analysis 
Phylogenetic trees based on the SSUrDNA gene sequences were constructed to 
illustrate the relationship between sequence of isolate clones and reference sequences 
from Genbank. The isolates‘ sequences were detected to be clustered under three 
respective subtypes (ST1, ST2, ST3) after phylogenetic analysis with selected Genbank 
reference isolates of Blastocystis represent subtype ST1 to ST9 (Table 4.7). The 
relationship between these isolates was summarized in the phylogenetic trees (Figure 
4.4 and 4.5), in which, Proteromonas lacerate (U37108), an organism phylogenetically 
close related to Blastocystis sp. was used as the out-group. The rooted neighbor-joining 
(NJ) and maximum likelihood (ML) trees identified 9 clades that corresponded of ST1 
to ST9, and each subtype shown strongly supported by moderate to high bootstrap 
values (bootstrap values from 61 to 100% in NJ tree and 62 to 100% for ML tree). The 
isolate clones that grouped in the same subtype clustered with each other with good 
bootstrap support, and therefore the three respective subtypes (ST1, ST2, and ST3) were 
seen as three independent monophyletic groups. The constructed phylogenetic trees 
showed that ST1 and ST3 were clearly separated to form two clades while isolates 
belonged to ST2 were clustered in one group. Furthermore, the clades containing ST1 & 
ST2, ST4 & ST8, and ST6 & ST9 were clustered together and are derived from 
common ancestors.  
Subtype, ST1, ST2 and ST3 was presented by a group of the triplicate clone (a, 
b, c) sequences with identical nucleotides that representing 10, 5 and 11 isolates, 
respectively. Five isolates (71M, 105M, 132M, 133M, 223M) were consists of clone 
sequences with non-identical nucleotides but belonging to the same Blastocystis 
subtypes while two isolates (180M, 294M) consists of cloneswith non-identical 
nucleotides sequences belonging to different subtypes. Overall, 31 isolates were mono-
infection with one subtype, in which, 12, 6 and 13 were under ST1, ST2 and ST3, 
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respectively. Another two isolates were detected of having two different subtypes, 
which respectively one consists ST1 and ST2, and one consists of ST1 and ST3 (Table 
4.8). 
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Table 4.7: Genbank reference sequences used in the construction of phylogenetic trees 
Subtype Accession number Isolation source Reference  
ST1 AB070989 Human (Arisue et al., 2003) 
 AB107967 Monkey  (Abe, 2004) 
 GU992414 Wastewater (Banaticla & Rivera, 2011) 
 EU445488 Monkey (Rivera, 2008) 
ST2 AB070997 Monkey (Arisue et al., 2003) 
 AB107969 Monkey (Abe, 2004) 
 GU992418 Wastewater (Banaticla & Rivera, 2011) 
ST3 AB070988 Human (Arisue et al., 2003) 
 AB070986 Human (Arisue et al., 2003) 
 AM779042 Human (Özyurt et al., 2008) 
 AB107963 Pig  (Abe, 2004) 
 EU445494 Human  (Rivera, 2008) 
ST4 AB071000 Rat  (Arisue et al., 2003) 
 AY590111 Rat (Noël et al., 2005) 
ST5 AB070998 Pig  (Arisue et al., 2003) 
 AB070999 Pig  (Arisue et al., 2003) 
ST6 AB107972 Bird  (Abe, 2004) 
 AB070990 Human  (Arisue et al., 2003) 
ST7 AB070991 Human (Arisue et al., 2003) 
 AB107973 Bird (Abe, 2004) 
ST8 AB107970 Primate  (Abe, 2004) 
ST9 AF408426 Human  (Yoshikawa et al., 2004b) 
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Figure 4.4: Phylogenetic tree of the SSU rDNA gene sequences of Blastocystis isolated from 
schoolchildren as inferred using the neighbour-joining method. Reference 
sequences from Genbank shown with strain name and, followed by accession 
numbers in parentheses. Sequences generated in the study designated ‗isolate code‘ 
followed by clone ‗a, b, c, d‘. Proteromonas lacertae (U37108) served as the out-
group. Numbers near the the internal nodes indicate bootstrap values given as 
percentages. Bootstrap values of less than 50% are not shown.
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Figure 4.5: Phylogenetic tree of representative Blastocystis subtype SSU rDNA sequences 
obtained from schoolchildren as inferred by using the maximum likelihood 
method. Reference isolates and accession numbers are available in Genbank. 
Sequences generated in this study (designated ‗isolate code‘ followed by clones ‗a, 
b, c, d‘.) are in bold font. Proteromonas lacertae (accession number U37108) served 
as the out-group Bootstrap values (%) are indicated at the internal nodes. Bootstrap 
values of less than 50% are not shown. 
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4.3.3 Sequence heterogeneity  
Multiple sequence alignments of DNA sequences (Figure 4.6A, B, C) among isolates 
clones revealed homogeneous and heterogeneous against the SSU rDNA gene of their 
closet match reference strains from Genbank represented Blastocystis ST1, ST2 and 
ST3. The DNA sequence of isolates clones that showed 100% homology with their 
closet match reference were only seen in ST1 and ST3. However, single nucleotide 
polymorphisms (SNPs) were seen in all isolates clones belonged to ST2, two groups of 
clones belonged to ST1 and three groups belonged to ST3 (Table 4.8 and Figure 4.6A, 
B, C). 
The sequences of clones belonged to ST1 (112M
a,b,c
, 122M
a,b,c
, 130M
a,b,c
, 
131M
a,b,c
, 141M
a,b,c
, 133M
a,d
, 132M
a,c
,) with single base substitution (T267C) showed 
99.7% homology with MJ99-424 (AB107967) while clones isolate 133M
b,c
, 132M
b,d 
showed 99.5% identity with two base insertions.  
The DNA sequence from isolate clones belonged to Blastocystis ST2 showed 
polymorphism when compared to their closet match from Genbank. The DNA sequence 
from isolates 81M
a,b,c
, 72M
a,b,c
, 94M
a,b,c
, 98M
a,b,c
, 198M
a,b,c
, 294M
a,b 
revealed 99.7% 
similarity to Blastocystis sp. JEB-2010-E1 (GU992418) with one base insertion 
(G468A). While the sequence for isolate clones 71M
a,c 
and 71M
b,d 
showed 99.5% 
homology with two base insertions (C
228T; G468A) and (C233A; G468A).  
The DNA sequence of Blastocystis ST3 isolates showed 99.1% to 100% identity 
to Blastocystis sp. PJ99-162 (AB107963) with one, two and four base substitutions seen 
in isolates 105M
b,c
, 223M
c
 and 110M
a,b,c
, 117M
a,b,c
, 137M
a,b,c
, 77M
a,b,c
, respectively. 
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Table 4.8: Differences in SSU rDNA gene sequences of Blastocystis isolates obtained from schoolchildren in the 500 bp-domain that used for 
subtyping in the study (ST1, ST2 andST3) and selected closet match strains from Genbank 
Isolates
clones
 ST 
 Reference isolate (Accession 
no.) 
Sequence 
homology 
BI BS BD 
No. of 
BI/BS/BD 
118M
a,b, c
, 80M
a,b, c
, 100M
a,b,c
, 89M
a,b,c
, 
101M
a,b,c
, 294M
c,d
, 180M
a,b 
1 
MJ99-424, monkey 
(AB107967) 
 
 
100% 
Nil Nil Nil Nil 
112M
a,b,c
, 122M
a,b,c
, 130M
a,b,c
, 131M
a,b,c
, 
141M
a,b,c
, 133M
a,d
, 132M
a,c
, 
99.7%  T
267C  1BS 
133M
b,c
, 132M
b,d
 99.5%  
C
208T 
T
267C 
 2BS 
81M
a,b,c
, 72M
a,b,c
, 94M
a,b,c
, 98M
a,b,c
, 
198M
a,b,c
, 294M
a,b
 
2 
JEB-2010-E1(GU992418) 
 
99.7%  G
468A  1BS 
71M
a,c
 99.5%  
C
228T 
G
468A 
 2BS 
71M
b,d
 99.5%  
C
233A 
G
468A 
 2BS 
123M
a,b,c
, 23M
a,b,c
, 223
a,b
,  143M
a,b,c
, 
91M
a,b,c
, 107M
a,b,c
, 135M
a,b,c
, 114M
a,b,c
, 
105M
a,d
, 180M
c,d
 
3 PJ99-162, pig; (AB107963) 
100% NIL NIL NIL NIL 
105M
b,c
 99.7%  T
186G  1BS 
223M
c,d
 99.5%  
C
226A 
T
282C 
 2BS 
110M
a,b,c
, 117M
a,b,c
, 137M
a,b,c
, 77M
a,b,c
 99.1%  
T
186G 
G
188T 
C
280A 
A
400T 
 4BS 
BI: base insertion, BS: base substitution, BD: base deletion. Sequence of bold isolate clones and the reference isolates (accession number) were used in the phylogenetic 
analysis
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112Mabc     GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
133Mbc      GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
AB107967    GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
118Mabc     GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
            ************************************************************ 
 
112Mabc     ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
133Mbc      ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
AB107967    ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
118Mabc     ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
            ************************************************************ 
 
112Mabc     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
133Mbc      TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
AB107967    TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
118Mabc     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
            ************************************************************ 
 
112Mabc     GGGTGATCGCTGTTGTGAGACTTCGGTCTCTCGACAGTAAGTCACCCCCTTCCAGTATCC 240 
133Mbc      GGGTGATCGCTGTTGTGAGACTTCGGTTTCTCGACAGTAAGTCACCCCCTTCCAGTATCC 240 
AB107967    GGGTGATCGCTGTTGTGAGACTTCGGTCTCTCGACAGTAAGTCACCCCCTTCCAGTATCC 240 
118Mabc     GGGTGATCGCTGTTGTGAGACTTCGGTCTCTCGACAGTAAGTCACCCCCTTCCAGTATCC 240 
            *************************** ******************************** 
 
112Mabc     AGTAGTGGGTATTCAGTTACTTACTACTGTGTGTTGGTCGTTTACTGTGAGAAAATTAGA 300 
133Mbc      AGTAGTGGGTATTCAGTTACTTACTACTGTGTGTTGGTCGTTTACTGTGAGAAAATTAGA 300 
AB107967    AGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCGTTTACTGTGAGAAAATTAGA 300 
118Mabc     AGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCGTTTACTGTGAGAAAATTAGA 300 
            ************************** ********************************* 
 
112Mabc     GTGTTCAAAGCAGGCGTTTGCTTGAATAG-ATTAGCATGGAATAATAATTGAAGGCTTTC 359 
133Mbc      GTGTTCAAAGCAGGCGTTTGCTTGAATAG-ATTAGCATGGAATAATAATTGAAGGCTTTC 359 
AB107967    GTGTTCAAAGCAGGCGTTTGCTTGAATAG-ATTAGCATGGAATAATAATTGAAGGCTTTC 359 
118Mabc     GTGTTCAAAGCAGGCGTTTGCTTGAATAG-ATTAGCATGGAATAATAATTGAAGGCTTTC 359 
            ***************************** ****************************** 
 
112Mabc     GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
133Mbc      GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
AB107967    GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
118Mabc     GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
            ************************************************************ 
 
112Mabc     CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
133Mbc      CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
AB107967    CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
118Mabc     CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
            ************************************************************ 
 
112Mabc     A 480 
133Mbc      A 480 
AB107967    A 480 
118Mabc     A 480 
            * 
 
 
Figure 4.6A: Multiple alignment of partial SSU rDNA gene sequences of Blastocystis isolates 
(Malaysian schoolchildren) belonged to ST1. Sequences are displayed with 
isolate name followed by clones (a, b, c, d). Reference sequences from Genbank 
are shown in their accession numbers and indicated as underline. Single 
nucleotide polymorphism (SNPs) highlighted in red colour. Complete homology 
between sequences was marked with an asterisk. Black colour dash donates a 
gap. 
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71Mac     GGAGGTAGTGACAATAAATCACAATGCGGGACTGATAGTCTTGCAATTGGATTGAGAACA 60 
71Mbd     GGAGGTAGTGACAATAAATCACAATGCGGGACTGATAGTCTTGCAATTGGATTGAGAACA 60 
81Mabc    GGAGGTAGTGACAATAAATCACAATGCGGGACTGATAGTCTTGCAATTGGATTGAGAACA 60 
GU992418  GGAGGTAGTGACAATAAATCACAATGCGGGACTGATAGTCTTGCAATTGGATTGAGAACA 60 
          ************************************************************ 
 
71Mac     ACGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
71Mbd     ACGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
81Mabc    ACGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
GU992418  ACGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
          ************************************************************ 
 
71Mac     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGA 180 
71Mbd     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGA 180 
81Mabc    TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGA 180 
GU992418  TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGA 180 
          ************************************************************ 
 
71Mac     GGGAGTGTGTGTTCATGAGAGCTAGTCTCGAGTGTTCACAACCTCCCTCCTCCAATCGGT 240 
71Mbd     GGGAGTGTGTGTTCATGAGAGCTAGTCTCGAGTGTTCACAACCTCCCCCCTCAAATCGGT 240 
81Mabc    GGGAGTGTGTGTTCATGAGAGCTAGTCTCGAGTGTTCACAACCTCCCCCCTCCAATCGGT 240 
GU992418  GGGAGTGTGTGTTCATGAGAGCTAGTCTCGAGTGTTCACAACCTCCCCCCTCCAATCGGT 240 
          *********************************************** **** ******* 
 
71Mac     GTAGTGGGGTATTCAGTTATTTCACTACTCCTTTGGTCGTTTACTGTGAGAAAATTAGAG 300 
71Mbd     GTAGTGGGGTATTCAGTTATTTCACTACTCCTTTGGTCGTTTACTGTGAGAAAATTAGAG 300 
81Mabc    GTAGTGGGGTATTCAGTTATTTCACTACTCCTTTGGTCGTTTACTGTGAGAAAATTAGAG 300 
GU992418  GTAGTGGGGTATTCAGTTATTTCACTACTCCTTTGGTCGTTTACTGTGAGAAAATTAGAG 300 
          ************************************************************ 
 
71Mac     TGTTCAAAGCGGGCGTTTGTTTGAATAGATTAGCATGGAATAATGATTGAAGGCTTTCGT 360 
71Mbd     TGTTCAAAGCGGGCGTTTGTTTGAATAGATTAGCATGGAATAATGATTGAAGGCTTTCGT 360 
81Mabc    TGTTCAAAGCGGGCGTTTGTTTGAATAGATTAGCATGGAATAATGATTGAAGGCTTTCGT 360 
GU992418  TGTTCAAAGCGGGCGTTTGTTTGAATAGATTAGCATGGAATAATGATTGAAGGCTTTCGT 360 
          ************************************************************ 
 
71Mac     GTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATTCA 420 
71Mbd     GTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATTCA 420 
81Mabc    GTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATTCA 420 
GU992418  GTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATTCA 420 
          ************************************************************ 
 
71Mac     TATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGCA 479 
71Mbd     TATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGCA 479 
81Mabc    TATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGCA 479 
GU992418  TATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAGGTGCGAAAGCA 479 
          *********************************************** *********** 
 
 
Figure 4.6B: Multiple alignment of partial SSU rDNA gene sequences of Blastocystis isolates 
(Malaysian schoolchildren) belonged to ST2. Sequences are displayed with 
isolate name followed by clones (a, b, c, d). Reference sequences from Genbank 
are shown in their accession numbers and indicated as underline. Single 
nucleotide polymorphism (SNPs) highlighted in red colour. Complete homology 
between sequences was marked with an asterisk. Black colour dash donates a gap 
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AB107963     GGAGGTAGTGACAATAAATCACAATGCGGAACAATGTTTTGCAATTGGATTGAGAACAAC 60 
223Mcd       GGAGGTAGTGACAATAAATCACAATGCGGAACAATGTTTTGCAATTGGATTGAGAACAAC 60 
105Mbc       GGAGGTAGTGACAATAAATCACAATGCGGAACAATGTTTTGCAATTGGATTGAGAACAAC 60 
110Mbc       GGAGGTAGTGACAATAAATCACAATGCGGAACAATGTTTTGCAATTGGATTGAGAACAAC 60 
             ************************************************************ 
 
AB107963     GTACAAACCTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATT 120 
223Mcd       GTACAAACCTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATT 120 
105Mbc       GTACAAACCTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATT 120 
110Mbc       GTACAAACCTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATT 120 
             ************************************************************ 
 
AB107963     CCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAATGAAG 180 
223Mcd       CCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAATGAAG 180 
105Mbc       CCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAATGAAG 180 
110Mbc       CCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAATGAAG 180 
             ************************************************************ 
 
AB107963     GGTAGTTGTGTAATGAATACATTCGTGTATTTTGTTATTCTACTACCCTCCTTCTAAATT 240 
223Mcd       GGTAGTTGTGTAATGAATACATTCGTGTATTTTGTTATTCTACTAACCTCCTTCTAAATT 240 
105Mbc       GGTAGGTGTGTAATGAATACATTCGTGTATTTTGTTATTCTACTACCCTCCTTCTAAATT 240 
110Mbc       GGTAGGTTTGTAATGAATACATTCGTGTATTTTGTTATTCTACTACCCTCCTTCTAAATT 240 
             ***** * ************************************* ************** 
 
AB107963     CGATATATGAGTATTAATTTACTTGTATATGGTTTTAGACCTTTACTGTGAGAAAATTAG 300 
223Mcd       CGATATATGAGTATTAATTTACTTGTATATGGTTTTAGACCCTTACTGTGAGAAAATTAG 300 
105Mbc       CGATATATGAGTATTAATTTACTTGTATATGGTTTTAGACCTTTACTGTGAGAAAATTAG 300 
110Mbc       CGATATATGAGTATTAATTTACTTGTATATGGTTTTAGAACTTTACTGTGAGAAAATTAG 300 
             *************************************** * ****************** 
 
AB107963     AGTGTTCAAAGCAGGCATTTGCTTGAATATATTAGCATGGAATAATCATGTATGATTTTC 360 
223Mcd       AGTGTTCAAAGCAGGCATTTGCTTGAATATATTAGCATGGAATAATCATGTATGATTTTC 360 
105Mbc       AGTGTTCAAAGCAGGCATTTGCTTGAATATATTAGCATGGAATAATCATGTATGATTTTC 360 
110Mbc       AGTGTTCAAAGCAGGCATTTGCTTGAATATATTAGCATGGAATAATCATGTATGATTTTC 360 
             *************** ******************************************** 
 
AB107963     ATGATGTATTTGATTGGTTTGGTTCATGAGAATAAGATTAAAAGGGACAGTTGGGGGTAT 420 
223Mcd       ATGATGTATTTGATTGGTTTGGTTCATGAGAATAAGATTAAAAGGGACAGTTGGGGGTAT 420 
105Mbc       ATGATGTATTTGATTGGTTTGGTTCATGAGAATAAGATTAAAAGGGACAGTTGGGGGTAT 420 
110Mbc       ATGATGTATTTGATTGGTTTGGTTCATGAGAATAAGATTTAAAGGGACAGTTGGGGGTAT 420 
             *************************************** ******************** 
 
AB107963     TCATATTCAATAGTCAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAG 480 
223Mcd       TCATATTCAATAGTCAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAG 480 
105Mbc       TCATATTCAATAGTCAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAG 480 
110Mbc       TCATATTCAATAGTCAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAG 480 
             ************************************************************ 
 
AB107963     CA 482 
223Mcd       CA 482 
105Mbc       CA 482 
110Mbc       CA 482 
             ** 
 
 
Figure 4.6C: Multiple alignment of partial SSU rDNA gene sequences of Blastocystis isolates 
(Malaysian schoolchildren) belonged to ST3. Sequences are displayed with 
isolate name followed by clones (a, b, c, d). Reference sequences from Genbank 
are shown in their accession numbers and indicated as underline. Single 
nucleotide polymorphism (SNPs) highlighted in red colour. Complete homology 
between sequences was marked with an asterisk. Black colour dash donates a 
gap. 
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4.3.4 Distribution of the Blastocystis subtypes among Malaysian schoolchildren and 
associated risk factors 
Subtype, ST3 (39.4%) was found to be the most common Blastocystis sp. among 
schoolchildren followed by ST1 (36.4%) and ST2 (18.2%). The majority of the samples 
93.9% (31/33) were single infections with one of the above-mentioned subtypes; 
whereas 6.0% (2/33) were mixed infections consisted of two concurrent subtypes (Table 
4.9). 
The variables that may be associated with the prevalence of Blastocystis ST1 
and ST3 infections are presented in Table 4.10. Infections with ST1 were more common 
among schoolchildren aged 10 years (x2 = 6.275; P = 0.012), those who lack piped 
water supply (x 
2
= 4.970; P = 0.026) and toilet facility (x 
2
= 4.371; P = 0.037) in their 
households. On the other hand, no significant association was found between ST2 
infections and any of the studied variables including age, gender, source of water supply 
and availability of toilet facility. Subtype ST3 infection was significantly associated 
with age being more common among schoolchildren older than 10 years (x
2 
= 4.153; P 
= 0.042). No association was found between Blastocystis subtypes and gastrointestinal 
symptoms. Furthermore, no significant associations were found between an infection 
with any of the observed Blastocystis subtype and gender, ethnicity, parents ‗education, 
family size, family income or presence of animal in household. 
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Table 4.9: Number (and percentage) of Blastocystis subtypes among Malaysian 
schoolchildren 
Subtype
a
 No (%) 
Subtype 1 12 (36.4) 
Subtype 2 6 (18.2) 
Subtype 3 13 (39.4) 
Subtype 1 and 3 1 (3.0) 
Subtype 1 and 2 1 (3.0) 
Total 33  
a
 According to the new standard terminology by Stensvold et al. (2007b) 
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Table 4.10: Potential factors associated with Blastocystis ST1 and ST3 infections 
among schoolchildren 
Variables ST1 ST3 
 OR (95%CI) P
a 
OR (95%CI) P
a 
Age groups 
≤10 years 6.81 (1.41,32.82) 0.012* 0.22 (0.50, 0.98) 0.042* 
> 10 years 1    
Gender 
Males 0.40 (0.09, 1.64) 0.201 1.45 (0.35, 5.94) 0.601 
Females 1    
Source of water supply 
Untreated  (river, rain, well) 5.5 (1.15, 26.14) 0.026* 0.31 (0.07, 1.31) 0.107 
Treated (piped) 1  1  
Toilet facility in house  
No 4.64 (1.05, 20.38) 0.037* 0.46 (0.11, 1.92) 0.290 
Yes 1    
Presence of animals in house 
Yes   0.704
b 
 0.920
b 
No      
Presence of GI symptoms 
Yes  1.50 (0.37, 5.94) 0.563
b 
0.40 (0.09, 1.73) 0.217
 
No  1    
OR: odds ratio; CI: confidence interval 
* Significant association (P< 0.05) 
a
 Chi-square test 
b
 Fischer‘s exact test 
 
 
 
117 
 
4.4 MOLECULAR IDENTIFICATION OF BLASTOCYSTIS SP. ISOLATED 
FROM LIBYAN OUTPATIENTS  
4.4.1 Detection of Blastocystis sp. by PCR and DNA sequencing 
In the present study, faecal specimens were collected from 380 Libyan patients visiting 
Sebha Central Laboratory. Blastocystis sp. was detected in 84 samples using in vitro 
culture. However, only 64 samples were subjected for PCR amplification while the rest 
of positive cultures (20/84) died off during subsequent subcultures. Out of the 64 
isolates, 86.0% (55/64) successfully produced the expected size of 500 bp fragment of 
the SSU rDNA after PCR amplification (Figure 4.7). Of these, 45 isolates were 
successfully cloned in Escherichia coli JM109 and readable DNA sequences were 
obtained at approximately 479-483 bp of the Blastocystis SSU rDNA gene. 
Multiple alignments using Clustal W programme showed that 36 of these 
isolates consisted of identical nucleotide sequences in three selected clones (a, b, c). 
Others 9 isolates were consisted of DNA sequences with non-identical nucleotides in 
three sequenced clones (a, b, c), of which the 4
th
 clone (d) was carried out. All 
sequences obtained in this study were showed a high homology (98.3-100%) with their 
closet match reference sequences of Blastocystis sp. from Genbank. Data on 
Blastocystis isolates obtained in the study are summarized in Table 4.11. 
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Figure 4.7: PCR amplicons of Blastocystis isolates from outpatients in 1.5% agarose 
gel. M: 100 bp DNA Ladder; 1 to 5 symptomatic isolates; 7 to 11 
asymptomatic isolates; 6 negative control 
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 Table 4.11: Blastocystis isolates used in the study with information on patients, subtypes, and closet match strain 
from Genbank 
 
Designation:  Libyan (L), female (F), male (M). Blastocystis isolate from Libyan male (LM), male with symptom 
(LMS), female (LM), female with symptom (LFS). Subtype (ST). Sequence of bold isolate clones 
and the reference isolates (accession number) were used in the phylogenetic analysis  
 
 
Blastocystis from symptomatic patient Closet match of 
reference Blastocystis 
isolate, host 
(Accession no.) 
Blastocystis from asymptomatic 
patient 
Isolate 
designate 
Clone  ST Homology 
% 
Isolate 
designate 
Clone  ST Homology 
% 
LFS-1 (a,b,c) 
ST1 
(100) 
MJ99-424, monkey 
(AB107967) 
 
HJ96A-29, human 
(AB070989) 
 
LF-30 (a,b,c) ST1 (100) 
LFS-2 (a,b,c) (100) LM-31 (a,b,c)  (100) 
LFS-3 (a,b,c) (100) LF-32 (a,b,c) (100) 
LFS-4 (a,b,c) (100) LM-33 (a,b)  
(c,d) 
(100)  
(99.7) 
LMS-5 (a,b) 
(c,d) 
(100) 
(99.7) 
LM-34 (a,b,c) (100) 
LFS-6 (a,b) 
(c,d) 
(98.7) 
(98.5) 
LM-35 (a,c)  
(b,d) 
(98.7)  
(98.5) 
LMS-7 (a,b,c) (100) LF-36 (a,b,c) (100) 
LMS-8 (a,b,c) (100) LF-37 (a,b,c) (100) 
LMS-9 (a,b,c) (100)    
LFS-10 (a,b,c) (100)     
LFS-11 (a,b,c) (100)     
LMS-12 (a,b,c) (100)     
LFS-13 (a,b,c) (100)     
LFS-14 (a,b,c) (100)     
LFS-15 (a,b,c) (100)     
LMS-16 (a,b,c) 
ST2 
(99.7) MJ99-116,monkey 
(AB107969) 
 
LF-38 (a,b,c) 
ST2 
(99.7) 
LMS-17 (a,b,c) (99.7) LM-39 (a,b,c) (99.7) 
LMS-18 (a,b,c) (98.9) LM-40 (a,b,c) (99.7) 
LMS-19 (a,b,c) (98.9) LF-41 (a,b,c) (98.9) 
LFS-20 (a,b,c) (98.9) LM-42 (a,d)  
(b,c) 
(98.9) 
(98.7) 
   LM-43 (a,b,c) (99.7) 
LMS-21 (a,b,c) 
ST3 
(100) PJ99-162, pig 
(AB107963) 
    
LFS-22 (a,b,c) (100)     
LMS-23 (a,b,c) (100)     
LMS-24 (a,b,c) (100)     
LMS-25 (a,b,c) (100)     
LMS-26 (a,b) 
(c,d) 
(99.1)  
(100) 
    
LMS-27 (a,b,c) (100)     
LFS-28 (a,b,c) (100)     
LMS-29 (a,b) ST1 (98.9) MJ99-424,monkey 
(AB107967) 
    
 (c,d) ST3 (99.7) PJ99-162,pig      
    (AB107963)     
 MJ99-424,monkey 
(AB107967) 
LM-44;  
LF-45 
(a,b) ST1 (99.7) 
 MJ99-116,monkey 
(AB107969) 
 (c,d) ST2 (98.3) 
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4.4.2 Phylogenetic analysis 
The phylogenetic tree of the SSU rDNA sequences of Blastocystis isolates was inferred 
by the neighbor-joining (NJ) and maximum likelihood methods using the sequence of 
Proteromonas lacerate as the outgroup. Phylogenetic trees were constructed based on 
sequences of Blastocystis isolate clones and selected reference isolates represent 
Blastocystis subtype ST1 to ST9 (Table 4.7).  The isolates‘ sequences were grouped 
under three respective subtypes (Figure 4.8 and 4.9). The rooted neighbor-joining (NJ) 
and maximum likelihood (ML) trees identified 9 clades that corresponded of ST 1 to ST 
9; the isolates included under the same group (subtype) clustered with each other group 
supported by good bootstrap values. Therefore, nine independent groups were 
constructed. The isolates obtained in the study were grouped under ST1, ST2 and ST3 
supported with high bootstrap values of 100% in neighbour-joining (NJ) method; and 
moderate to high Bootstrap values (61-100%) in maximum likelihood method. 
Furthermore, the clades containing ST1 & ST2, ST4 & ST8 and ST6 & ST9 were 
clustered together and share common ancestors, respectively. 
ST1, ST2 and ST3 were revealed by a group of the triplicate clone (a,b,c) 
sequences with identical nucleotides that representing 19, 10 and 7 isolates, respectively 
(Table). The other nine isolates consisted of clone sequences with non-identical 
nucleotides belonging to either the same or different Blastocystis subtypes. In general, 
42 isolates were of a single subtype, where 23, 11, and 8 of them were under ST1, ST2 
and ST3, respectively. Another three isolates were detected to be a mix of two different 
subtypes; one of them (LMS-29) consists of ST1 and ST3, and the other two (LM-44, 
LF-45) consist of ST1 and ST2, respectively (Table 4.11). 
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Figure 4.8: Phylogenetic tree of the SSU rDNA gene sequences of Blastocystis isolated from 
outpatients as inferred using the neighbour-joining method. Reference isolates and 
accession numbers are availablein Genbank. Sequences generated in this study 
(designated as ‗LM(S), LF(S)‘ followed by clones ‗a,b,c,d‘) are in bold font. 
Proteromonas lacertae (accession number U37108) served as the out-group. 
Bootstrap values (%) are indicated at the internal nodes (1,000 replicates). Bootstrap 
values of less than 50% are not shown. 
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Figure 4.9: Phylogenetic tree from representative Blastocystis subtype SSU rDNA sequences 
obtained from outpatients was inferred by using the maximum likelihood method. 
Reference isolates and accession numbers are availablein Genbank.Sequences 
generated in this study (designated ‗LM(S), LF(S)‘ followed by clones ‗a,b,c,d‘) are 
in bold font. Proteromonas lacertae (accession number U37108) served as the out-
group. Bootstrap values (%) are indicated at the internal nodes. Bootstrap values of 
less than 50% are not shown. 
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4.4.3 Sequence heterogeneity  
Pair wise sequence alignments of the SSU rDNA sequences of isolates and their closet 
match reference strains from Genbank showed sequences heterogeneity among the 
different isolate clones. The DNA sequence of isolates clones that showed 100% 
homology with their closet match reference were only seen in ST1 and ST3. However, 
the polymorphism due to base insertion, substitution and deletion were seen in all 
isolates clones belonged to ST2, six groups of clones belonged to ST1 and two groups 
belonged to ST3 (Table 4.12 and Figure 4.10A, B, and C). 
The sequences of ST1 isolates (LMS-5
c,d
, LM-33
c,d
, LM-44
a,b
, LF-45
a,b
) showed 
99.7% homology with MJ99-424 (AB107967) and HJ96A-29 (AB070989) with single 
base substitution for each while isolate LFS-6
a,b
 & LM-35
a,c
, and LMS-29
a,b 
showed 
98.7% and 98.9% identity with single base insertion and deletion. Both isolates LFS-6
c,d
 
and LM-35
b,d
 showed 98.5% homology with MJ99-424 (AB107967) and HJ96A-29 
with one base insertion (- 
193C), substitution (T209A) and deletion (C188 -). 
The DNA sequence from isolates belonged to Blastocystis ST2 showed 98.3%-
99.7% homology with their closet match from Genbank. The DNA sequence from 
isolates  LMS-18
a,b,c
,  LM-19
a,b,c
,  LFS-20
a,b,c
, 
 
LM-40
a,b,c
, LF-41
a,b,c
, LM-42
a,d revealed 
98.9% similarity to Blastocystis sp. MJ99-116 (AB107969) with two base insertions (-
199C and - 200C), deletions (T193 - and T 216 - ) and one base substitution 
(T
208C). While the sequence for isolate LM-42b,c showed 98.7% homology to MJ99-
116 (AB107969) with two base insertions (-
199C and - 200C), deletions (T193 -) 
and T
216 - ) and substitutions (T208C and C230T). Also, the DNA sequence 
belonged to isolates LM-44
c,d
, LF-45
c,d 
showed high polymorphism with two base 
insertions, deletions and three substitutions. The DNA sequence of the isolates LMS-
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16
a,b,c
, LMS-17
a,b,c
, LM-39
a,b,c
,  LM-43
a,b,c
 showed only single base substitution 
(T
207C) with 99.7% identity to MJ99-116 (AB107969).  
The DNA sequence of Blastocystis ST3 isolates showed 99.1% to 100% identity 
to Blastocystis sp. PJ99-162 (AB107963) with one and four base substitutions for 
isolates LMS-29
c,d 
and LMS-26
a,b
 respectively while the rest of ST3 isolates showed 
100% sequence identity to their closet match from Genbank. 
Furthermore, multiple sequence alignment using ClustalW2 (Figure 4.10A, B, 
C) of selected sequences represented ST1, ST2 and ST3 showed that DNA sequences 
belonged to the same subtype is similar, with a relatively high number of nucleotide 
differences between the subtypes. There were smaller numbers of nucleotide differences 
observed between ST1 and ST2, with much larger nucleotide differences between ST1 
and ST3, and between ST2 and ST3. 
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Table 4.12: Differences in SSU rDNA gene sequences of Blastocystis isolated from outpatients in the 500 bp-domain that used for subtyping 
(ST1, ST2 and ST3) and selected closet match strains from Genbank 
Isolates
clones
 from symptomatic (S) and 
asymptomatic patients 
Subtype 
 Reference isolate 
(Accession no.) 
Sequence 
homology 
BI BS BD 
No. of 
BI/BS/BD 
LMS-5
c,d  
MJ99-424, monkey 
(AB107967); 
J96A-29, human  
(AB070989) 
99.7%  G
280C  1BS 
LFS-6
a,b
, LMS-29
a,b
, LM-35
a,c
 1 98.7% - 
193C  C188 - 1BI, 1BD 
LM-33
c,d  99.7%  G
280A  1BS 
LFS-6
c,d
, LM-35
b,d
  98.5% - 
193C T209A C188 - 1BI, 1BS,1BD  
LM-44
a,b
, LF-45
a,b
  99.7%  C
36A  1BS 
LMS-15
a,b
  98.9% - 
194T  C188 - 1BI, 1BD 
LMS-18
a,b,c
,  LM-19
a,b,c
,  LFS-20
a,b,c
, 
LM-40
a,b,c
, LF-41
a,b,c
, LM-42
a,d
 
  98.9% 
-
199C 
- 
200C 
T
208C 
T
193 - 
T 
216 -
 
2BI, 1BS,2BD 
LM-42
b,c
 2 
MJ99-116, monkey 
(AB107969) 
98.7% 
-
199C 
- 
200C 
T
208C 
C
230T 
T
193 - 
T 
216 -
 
2BI, 2BS,2BD 
LMS-16
a,b,c
, LMS-17
a,b,c
, LM-39
a,b,c
, 
LM-43
a,b,c
 
  99.7%  T
207C  1BS 
LM-44
c,d
, LF-45
c,d
    
98.3% 
 
- 
198T 
- 200 
G 
T
36C 
T
208C 
A
467G 
T
193 - 
T 
216 -
 
2BI, 3BS,2BD 
LMS-26
a,b
 3 
PJ99-162, pig 
(AB107963) 
99.1%  
G
214T 
T
215G 
C
220A 
T
274A 
 4BS 
LMS-29
c,d
   99.7%  A
222T  1BS 
Designation: ST (subtype of Blastocystis), BI (base insertion), BS (base substitution), BD (base deletion), Blastocystis isolate from Libyan male (LM), male with symptom 
(LMS), female (LM), female with symptom (LFS). Sequence of bold isolate clones and the reference isolates (accession number) were used in the phylogenetic 
analysis  
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LM-33cd     GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
LF-45ab     GGAGGTAGTGACAATAAATCACAATGCGGGACTATAAGTCTTGCAATTGGATTGAGAACA 60 
AB107967    GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
LFS-6ab     GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
LM-35bd     GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
            *********************************** ************************ 
 
LM-33cd     ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
LF-45ab     ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
AB107967    ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
LFS-6ab     ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
LM-35bd     ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
            ************************************************************ 
 
LM-33cd     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
LF-45ab     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
AB107967    TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
LFS-6ab     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
LM-35bd     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
            ************************************************************ 
 
LM-33cd     GGGTGATCGCTGT-TGTGAGACTTCGGTCTCTCGACAGTAAGTCACCCCCTTCCAGTATC 239 
LF-45ab     GGGTGATCGCTGT-TGTGAGACTTCGGTCTCTCGACAGTAAGTCACCCCCTTCCAGTATC 239 
AB107967    GGGTGATCGCTGT-TGTGAGACTTCGGTCTCTCGACAGTAAGTCACCCCCTTCCAGTATC 239 
LFS-6ab     GGGTGAT-GCTGTCTGTGAGACTTCGGTCTCTCGACAGTAAGTCACCCCCTTCCAGTATC 239 
LM-35bd     GGGTGAT-GCTGTCTGTGAGACTTCGGTCACTCGACAGTAAGTCACCCCCTTCCAGTATC 239 
            ******* ***** *************** ****************************** 
 
LM-33cd     CAGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCATTTACTGTGAGAAAATTAG 299 
LF-45ab     CAGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCGTTTACTGTGAGAAAATTAG 299 
AB107967    CAGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCGTTTACTGTGAGAAAATTAG 299 
LFS-6ab     CAGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCGTTTACTGTGAGAAAATTAG 299 
LM-35bd     CAGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCGTTTACTGTGAGAAAATTAG 299 
            **************************************** ******************* 
 
LM-33cd     AGTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTC 359 
LF-45ab     AGTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTC 359 
AB107967    AGTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTC 359 
LFS-6ab     AGTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTC 359 
LM-35bd     AGTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTC 359 
            ************************************************************ 
 
LM-33cd     GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
LF-45ab     GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
AB107967    GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
LFS-6ab     GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
LM-35bd     GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 419 
            ************************************************************ 
 
LM-33cd     CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
LF-45ab     CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
AB107967    CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
LFS-6ab     CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
LM-35bd     CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGC 479 
            ************************************************************ 
 
LM-33cd     A 480 
LF-45ab     A 480 
AB107967    A 480 
LFS-6ab     A 480 
LM-35bd     A 480 
            * 
Figure 4.10A: Multiple alignment of partial SSUrDNA gene sequences of Blastocystis ST1 isolates 
(Libyan outpatients). Sequences are displayed with isolate name followed by clones (a, b, 
c, d). Reference sequences from Genbank are shown in their accession numbers. Single 
nucleotide polymorphism (SNPs) highlighted in red colour. Complete homology between 
sequences was marked with an asterisk. Black colour dash donates a gap. 
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AB107969     GGAGGTAGTGACAATAAATCACAATGCGGGACTGTTAGTCTTGCAATTGGATTGAGAACA 60 
LMS-18abc    GGAGGTAGTGACAATAAATCACAATGCGGGACTGTTAGTCTTGCAATTGGATTGAGAACA 60 
LM-42bc      GGAGGTAGTGACAATAAATCACAATGCGGGACTGTTAGTCTTGCAATTGGATTGAGAACA 60 
LM-44cd      GGAGGTAGTGACAATAAATCACAATGCGGGACTGTCAGTCTTGCAATTGGATTGAGAACA 60 
             *********************************** ************************ 
 
AB107969     ACGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
LMS-18abc    ACGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
LM-42bc      ACGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
LM-44cd      ACGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
             ************************************************************ 
 
AB107969     TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGA 180 
LMS-18abc    TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGA 180 
LM-42bc      TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGA 180 
LM-44cd      TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGA 180 
             ************************************************************ 
 
AB107969     GGGAGTGTGTGGTCAGGAC--AGCTAGTTTGGAGTGTTCGCAACCTCCCCCCTCCAATCG 238 
LMS-18abc    GGGAGTGTGTGG-CAGGACCCAGCTAGTCTGGAGTGT-CGCAACCTCCCCCCTCCAATCG 238 
LM-42bc      GGGAGTGTGTGG-CAGGACCCAGCTAGTCTGGAGTGT-CGCAACCTCCCCCTTCCAATCG 238 
LM-44cd      GGGAGTGTGTGG-CAGGATCGAGCTAGTCTGGAGTGT-CGCAACCTCCCCCCTCCAATCG 238 
             ************ *****   ******* ******** ************* ******** 
 
AB107969     GTGTAGTGGGGTATTCAGTTATTTCACTACTCCTTTGGTCGTTTACTGTGAGAAAATTAG 298 
LMS-8abc     GTGTAGTGGGGTATTCAGTTATTTCACTACTCCTTTGGTCGTTTACTGTGAGAAAATTAG 298 
LM-42bc      GTGTAGTGGGGTATTCAGTTATTTCACTACTCCTTTGGTCGTTTACTGTGAGAAAATTAG 298 
LM-44cd      GTGTAGTGGGGTATTCAGTTATTTCACTACTCCTTTGGTCGTTTACTGTGAGAAAATTAG 298 
             ************************************************************ 
 
AB107969     AGTGTTCAAAGCGGGCGTTTGTTTGAATAGATTAGCATGGAATAATGATTGAAGGCTTTC 358 
LMS-18abc    AGTGTTCAAAGCGGGCGTTTGTTTGAATAGATTAGCATGGAATAATGATTGAAGGCTTTC 358 
LM-42bc      AGTGTTCAAAGCGGGCGTTTGTTTGAATAGATTAGCATGGAATAATGATTGAAGGCTTTC 358 
LM-44cd      AGTGTTCAAAGCGGGCGTTTGTTTGAATAGATTAGCATGGAATAATGATTGAAGGCTTTC 358 
             ************************************************************ 
 
AB107969     GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 418 
LMS-18abc    GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 418 
LM-42bc      GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 418 
LM-44cd      GTGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATT 418 
             ************************************************************ 
 
AB107969     CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAGGTGCGAAAGC 478 
LMS-18abc    CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAGGTGCGAAAGC 478 
LM-42bc      CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAGGTGCGAAAGC 478 
LM-44cd      CATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACGGGTGCGAAAGC 478 
             ************************************************ *********** 
 
AB107969     A 479 
LMS-18abc    A 479 
LM-42bc      A 479 
LM-44cd      A 479 
             * 
 
 
Figure 4.10B: Multiple alignment of partial SSUrDNA gene sequences of Blastocystis isolates 
(Libyan outpatients) belonged to ST2. Sequences are displayed with isolate 
name followed by clones (a, b, c, d). Reference sequences from Genbank are 
shown in their accession numbers and indicated as underline. Single nucleotide 
polymorphism (SNPs) highlighted in red colour. Complete homology between 
sequences was marked with an asterisk. Black colour dash donates a gap.  
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AB107963     GGAGGTAGTGACAATAAATCACAATGCGGAACAATGTTTTGCAATTGGATTGAGAACAAC 60 
LMS-29cd     GGAGGTAGTGACAATAAATCACAATGCGGAACAATGTTTTGCAATTGGATTGAGAACAAC 60 
LMS-26ab     GGAGGTAGTGACAATAAATCACAATGCGGAACAATGTTTTGCAATTGGATTGAGAACAAC 60 
             ************************************************************ 
 
AB107963     GTACAAACCTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATT 120 
LMS-29cd     GTACAAACCTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATT 120 
LMS-26ab     GTACAAACCTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATT 120 
             ************************************************************ 
 
AB107963     CCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAATGAAG 180 
LMS-29cd     CCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAATGAAG 180 
LMS-26ab     CCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAATGAAG 180 
             ************************************************************ 
 
AB107963     GGTAGTTGTGTAATGAATACATTCGTGTATTTTGTTATTCTACTACCCTCCTTCTAAATT 240 
LMS-29cd     GGTAGTTGTGTAATGAATACATTCGTGTATTTTGTTATTCTTCTACCCTCCTTCTAAATT 240 
LMS-26ab     GGTAGTTGTGTAATGAATACATTCGTGTATTTTTGTATTATACTACCCTCCTTCTAAATT 240 
             *********************************  **** * ****************** 
 
AB107963     CGATATATGAGTATTAATTTACTTGTATATGGTTTTAGACCTTTACTGTGAGAAAATTAG 300 
LMS-29cd     CGATATATGAGTATTAATTTACTTGTATATGGTTTTAGACCTTTACTGTGAGAAAATTAG 300 
LMS-26ab     CGATATATGAGTATTAATTTACTTGTATATGGTATTAGACCTTTACTGTGAGAAAATTAG 300 
             ********************************* ************************** 
 
AB107963     AGTGTTCAAAGCAGGCATTTGCTTGAATATATTAGCATGGAATAATCATGTATGATTTTC 360 
LMS-29cd     AGTGTTCAAAGCAGGCATTTGCTTGAATATATTAGCATGGAATAATCATGTATGATTTTC 360 
LMS-26ab     AGTGTTCAAAGCAGGCATTTGCTTGAATATATTAGCATGGAATAATCATGTATGATTTTC 360 
             ************************************************************ 
 
AB107963     ATGATGTATTTGATTGGTTTGGTTCATGAGAATAAGATTAAAAGGGACAGTTGGGGGTAT 420 
LMS-29cd     ATGATGTATTTGATTGGTTTGGTTCATGAGAATAAGATTAAAAGGGACAGTTGGGGGTAT 420 
LMS-26ab     ATGATGTATTTGATTGGTTTGGTTCATGAGAATAAGATTAAAAGGGACAGTTGGGGGTAT 420 
             ************************************************************ 
 
AB107963     TCATATTCAATAGTCAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAG 480 
LMS-29cd     TCATATTCAATAGTCAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAG 480 
LMS-26ab     TCATATTCAATAGTCAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAG 480 
             ************************************************************ 
 
AB107963     CA 482 
LMS-29cd     CA 482 
LMS-26ab     CA 482 
             ** 
 
 
Figure 4.10C: Multiple alignment of partial SSUrDNA gene sequences of Blastocystis isolates 
(Libyan outpatients) belonged to ST3. Sequences are displayed with isolate 
name followed by clones (a, b, c, d). Reference sequences from Genbank are 
shown in their accession numbers and indicated as underline. Single nucleotide 
polymorphism (SNPs) highlighted in red colour. Complete homology between 
sequences was marked with an asterisk. Black colour dash donates a gap.  
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4.4.4 Distribution of the Blastocystis subtypes and associated risk factors 
Among these subtypes, ST1 was the most commonly distributed in Libyan outpatients 
(51.1%), followed by ST2 (24.4%) and ST3 (17.8%). The majority of the samples 
(93.3%, 42/45) were detected to be a single infection with Blastocystis ST1, ST2 or 
ST3, whereas 6.7% (3/45) were mixed infections consisting of two subtypes, which are 
either ST1 and ST2 or ST1 and ST3 (Table 4.13). Concurrently, ST1 and ST2 were 
detected in both asymptomatic and symptomatic patients, whereas all patients with ST3 
presented with gastrointestinal symptoms. Blastocystis was the only parasite found in 43 
of the 45 samples sequenced. The other two specimens were each from symptomatic 
and asymptomatic patient; L18-9/F and L5-27/M were mixed infections with Giardia 
intestinalis and Crptosporidium, which concurrently consists of Blastocystis ST1 
(isolate LFS-4) and ST2 (isolate LM-42), respectively (Table 4.14).  
The association between Blastocystis ST1, ST2 and ST3 infections and some 
demographic and socioeconomic factors was appropriately analysed by either Chi-
square test or Fisher‘s exact test and the results are presented in Table 4.15. Blastocystis 
ST1 infection was significantly associated with the female gender (x
2
 = 6.736; P = 
0.009) and educational level (x
2 
= 4.325; P = 0.034). Infection with Blastocystis ST2 
was significantly associated with the level of education, where it is more common 
among outpatients who had low level of education (Fisher’s exact test; P = 0.008). 
Subtype ST3 was significantly related with the presence of gastrointestinal symptoms, 
namely diarrhoea (Fisher’s exact test; P = 0.008). No significant associations were 
found between infections with any of the observed Blastocystis subtypes and sex, age 
group, working status, source of drinking water or the presence of animal in the 
household. 
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Table 4.13: Number (and percentage) of Blastocystis subtypes among outpatients 
(n=28) 
Subtype
a
 No (%) 
Subtype 1 23 (51.1) 
Subtype 2 11 (24.4) 
Subtype 3 8 (18.7) 
Subtype 1 and 3 1 (2.2) 
Subtype 1 and 2 2 (4.4) 
Total 45  
a
 According to the new standard terminology by Stensvold et al. (2007b) 
 
Table 4.14: Distribution of the Blastocystis subtypes in symptomatic and asymptomatic 
individuals among outpatients (n=28) 
Subtype  Symptomatic No. (%) Asymptomatic No. (%)  Total no. 
ST1 15 (65.2%) 8 (34.8%) 23 
ST2 5 (45.5%) 6 (54.5%) 11 
ST3 8(100.0%) 0 (0.0%) 8 
ST1+2 0 (0.0%) 2 (100.0%) 2 
ST1+3 1 (100.0%) 0 (0.0%) 1 
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Table 4.15: Association between Blastocystis subtypes and related potential factors 
 
a
 Chi square test 
bFisher‘s Exact test 
*
 Significant association (P0.05) 
 
 
 
Variable  ST1 ST2 ST3 
Frequency 
(%) 
P 
a 
Frequency 
(%) 
P 
b
 Frequency 
(%) 
P 
b
 
Gender  0.009 
*
  0.080  0.431 
Female  14 (60.9)  3 (27.3)  2 (25.0)  
Male 9 (39.1)  8 (72.7)  6 (75.0)  
Age  0.764  0.174  0.316 
≥18 years 10 (43.5)  3 (27.3)  2 (25.0)  
<18 years 13 (56.5)  8 (72.7)  6 (75.0)  
Education level  0.034
*
  0.008
*
  0.932 
≤ Primary school 18 (78.3)  9 (81.8)  5 (62.5)  
≥ Secondary school 5 (21.7)  2 (18.2)  3 (37.5)  
Occupational status  0.801  0.987  0.764 
Not working 13 (56.5)  6 (54.5)  4 (50.0)  
Working 10 (43.5)  5 (45.5)  4 (50.0)  
Family size  0.711  0.974  0.709 
≥ 7 members (large) 12 (52.2)  6 (54.5)  5 (62.5)  
< 7 members (small) 11 (47.8)  5 (45.5)  3 (37.5)  
Presence of animals in the 
house 
 0.488  0.353  0.725 
Yes  10 (43.5)  7 (63.6)  3 (37.5)  
No  13 (56.5)  4 (36.4)  5 (62.5)  
Drinking water  0.204  0.867  0.243 
Untreated  13 (56.5)  5 (45.5)  4 (50.0)  
Treated (chemical, filtered or 
boiled) 
10 (43.5)  6 (54.5)  4 (50.0)  
Diarrhoea  0.480  0.303  0.008
*
 
Yes  8 (34.8)  4 (36.4)  7 (87.5)  
No  15 (65.2)  7 (63.6)  1 (12.5)  
Abdominal pain  0.384  0.384  0.700 
Yes  10 (43.5)  6 (54.5)  4 (50.0)  
No  13 (56.5)  5 (45.5)  4 (50.0)  
Flatulence  0.270  0.270  0.686 
Yes  7 (30.4)  5 (45.5)  3 (37.5)  
No 16 (69.6)  6 (54.5)  5 (62.5)  
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4.5 OCCURRENCE OF BLASTOCYSTIS SP. IN WATER SAMPLES  
Blastocystis sp. occurrence was reported in different drinking water sources (i.e., piped 
water, river, rainwater in tanks and wells) collected from the schools as well as the 
villages of Malay and the aboriginal schoolchildren in Lipis and Raub districts, Pahang 
state. Out of 65 water samples collected, Blastocystis sp. was detected in 60 samples 
using in vitro cultivation (92.3%). These were 32.3% in river water, 27.7% tap water, 
16.9% tanks (rainwater), and 15.4% wells (Table 4.16). 
 
Table 4.16: Occurrence of Blastocystis sp. in water samples (n=65) 
Water source  No of Sample collected  Positive (%)  
river  21 21 (32.3) 
Tap  (Household) 20 18 (27.7) 
Rainwater Tank  (Household) 12 11 (16.9) 
Well (Household and school) 12 10 (15.4) 
TOTAL  65 60 (92.3) 
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4.5.1 Occurrence of Blastocystis sp. and faecal coliforms in river water  
River water samples were collected from Sungai Ulu and Sungai Kuala Lipis (`sungai‘ 
means river), which are located just behind Kampong Ulu and Kampong Kuala Lipis 
villages (`kampong‘ means village). Most houses are scattered along the bank of the 
rivers. A total of 21 water samples were collected from both rivers. 12 samples were 
collected from Sungai Ulu, of which 4 samples were taken from each collection site (i.e. 
Upstream, midstream and downstream), while 9 water samples were collected from 
Sungai Kuala Lipis, of which 3 samples were taken from each sampling site (i.e. 
upstream, midstream and downstream). Results showed that, all three sampling sites at 
both rivers were contaminated with Blastocystis. Similarly, all river samples were tested 
positive for faecal coliforms count with the mean values of 6.62102 0.69102 
CFU/100 mL, 11.2102 2.8102 CFU/100 mL and 16.2102 8.9102 CFU/100 mL 
for upstream, midstream and downstream stations at the Sungai Ulu River, respectively. 
The mean count of faecal coliforms at Sungai Kuala Lipis river were 8.13102   
0.32102CFU/100 mL, 11.4102  1.4102CFU/100 mL, 16.2102 0.45102 CFU/100 
mL for upstream, midstream and downstream stations, respectively. Faecal coliforms 
were detected higher in Sungai Kuala Lipis than Sungai Ulu. 
4.5.2 Physical parameters of river water and faecal coliform  
The physical parameters at all three sampling sites in Sungai Ulu are shown in Table 
4.17. At upstream station, the measurements of temperature, pH, dissolved oxygen, 
conductivity and turbidity were ranged from 26.2 to 26.7 ⁰C (mean 26.45⁰C ± 0.22⁰C), 
5.8 to 6.7 (mean 6.47 ± 0.46 mg/L), 5.6 to 7.4 mg/mL (mean 6.76 ± 0.78), 24.0 to 35.1 
µS/cm (mean: 28.0 ± 4.98 µS/cm) and 3.5 to7.6 NTU (mean: 6.38 ± 1.93 NTU), 
respectively. 
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At the midstream station, the ranges of the respective values were 26.1- 26.9 ⁰C, 
5.6-6.6, 4.4-6.6 mg/L, 26.0-29.0 µS/cm and 3.5- 7.7 NTU, respectively. While the mean 
values were 26.55 ± 0.35 ⁰C, 5.94 ± 0.46,  5.18 ± 0.99 mg/L, 27.13 ± 1.32 µS/cm and 
6.62 ± 2.06 NTU, respectively. 
For the downstream station, these parameters ranged from 26.3 to 28.9 ⁰C (mean 
27.61 ± 1.48 ⁰C), 5.6 to 6.0 (mean 5.83 ± 0.21), 5.5 to 7.5 mg/L (mean 6.47 ± 1.10 
mg/L), 22.9 to 26.2 µS/cm (mean 24.62 ± 1.72 µS/cm) and 3.5 to 28.8 NTU (mean: 
16.06 ± 14.48 NTU), respectively. 
The physical parameters at all three sampling sites in Sungai Kuala Lipis are 
shown in Table 4.18. The mean values of temperature were 28.58 ± 1.17⁰C, 28.65 ± 
1.25⁰C, and 29.32 ± 1.20⁰C at upstream, midstream and downstream respectively. For 
the rest of parameters, the mean values at three stations were 6.44 ± 0.57, 6.54 ± 0.69 
and 6.32 ± 0.60 for pH, 5.70 ± 0.63mg/L, 6.09 ± 0.56 mg/L and 5.71 ± 1.05 mg/L for 
dissolved oxygen, 38.40 ± 7.49 µS/cm, 39.36 ± 6.14µS/cm and 39.73 ± 6.69 µS/cm for 
conductivity, and 39.66 ± 17.25 NTU, 38.30 ± 11.89 NTU and 54.74 ± 27.31 NTU for 
turbidity, respectively.  
4.5.3 Occurrence of Blastocystis sp. and faecal coliforms in water from household 
and schools   
Household water samples were collected from 25 households, which include 20 taps, 12 
rainwater in tanks and 6 wells. In addition, six groundwater samples from three wells 
were collected from three schools namely: the Satak National School, the Kuala Koyan 
National School, and the Gahai National School. Blastocystis sp. was detected in 18 
(90.0%) of taps, 11 (91.6%) of rainwater in tanks, all well water from households 
(100%), and in 4 (66.7%) of water samples from the schools. All samples were tested 
positive for faecal coliforms. Faecal coliforms contamination was found to be at the 
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lowest in well water from the households (1.36102   0.76102 CFU/100 mL) followed 
by tap water (2.351021.112CFU/100 mL), rainwater stored in tanks (3.9102 
1.37102CFU/100 mL), and ground water from the schools (4.05102 
1.56102CFU/100 ml). 
136 
 
Table 4.17: Physical parameters and fecal coliforms count of water at upstream, midstream and downstream of the Sungai Ulu 
sample Date Tem (⁰C) pH DO (mg/L) Con (µS/cm) Tur (NTU) 
Faecal coliform 
CFU/100 mL 
UPSTREAM 
1 28-12-2011 26.4 6.7 7.4 24.0 7.0 660.00 
2 24-01-2012 26.5 6.7 6.9 25.2 7.6 630.00 
3 20-02-2012 26.7 6.6 7.2 27.7 7.4 600.00 
4 20-3-2012 26.2 5.8 5.6 35.1 3.5 760.00 
Mean ± SD 26.45 ± 0.22 6.47 ± 0.46 6.76 ± 0.78 28.0 ± 4.98 6.38 ± 1.93 662.50 ± 69.46 
MIDSTREAM 
1 28-12-2011 26.8 5.7 4.4 26.4 7.6 880.00 
2 24-01-2012 26.9 5.6 4.6 26.0 7.7 1260.00 
3 20-02-2012 26.4 6.6 5.3 29.0 7.7 1470.00 
4 20-3-2012 26.1 5.9 6.6 27.1 3.5 900.00 
Mean ± SD 26.55 ± 0.35 5.94 ± 0.46 5.18 ± 0.99 27.13 ± 1.32 6.62 ± 2.06 1127.50 ± 287.44 
DOWNSTREAM 
1 28-12-2011 28.9 5.6 5.5 22.9 28.8 800.00 
2 24-01-2012 28.9 5.7 5.6 23.4 28.4 900.00 
3 20-02-2012 26.3 6.0 7.5 26.0 3.5 2400.00 
4 20-3-2012 26.3 6.0 7.4 26.2 3.5 2400.00 
Mean ± SD 27.61 ± 1.48 5.83 ± 0.21 6.47 ± 1.10 24.62 ± 1.72 16.06 ± 14.48 1625.00 ± 895.82 
Tem= Temperature, DO= Dissolved oxygen, Con= Conductivity, Tur =Turbidity, NTU= Nephelometric turbidity unit 
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Table 4.18: Physical parameters and fecal coliforms count of water at upstream, midstream and downstream sites 
of the Sungai Kuala Lipis. 
sample Date Tem (⁰C) pH DO (mg/L) Con (µS/cm) Tur (NTU) 
Fecal coliform 
CFU/100 mL 
UPSTREAM 
1 12-04-2012 28.6 7.1 6.2 30.1 20.2 850 
2 09-05-2012 27.4 6.2 5.9 40.4 45.7 790 
3 20-06-2012 29.8 6.0 5.0 44.7 53.1 800 
Mean ± SD 28.58 ± 1.17 6.44 ± 0.57 5.70 ± 0.63 38.40 ± 7.49 39.66 ± 17.25 813.33 ± 32.14 
MIDSTREAM 
1 28-12-2011 27.2 7.3 6.6 32.4 24.7 1200 
2 24-01-2012 29.2 6.0 6.1 41.7 46.7 1250 
3 20-02-2012 29.5 6.3 5.5 44.0 43.5 980 
Mean ± SD 28.65 ± 1.25 6.54 ± 0.69 6.09 ± 0.56 39.36 ± 6.14 38.30 ± 11.89 1143.33 ± 143.64 
DOWNSTREAM 
1 28-12-2011 28.1 7.0 6.8 32.2 23.2 1590 
2 24-01-2012 29.3 6.0 5.7 42.0 70.3 1680 
3 20-02-2012 30.5 6.0 4.7 45.0 70.8 1650 
Mean ± SD 29.32 ± 1.20  6.32 ± 0.60 5.71 ± 1.05 39.73 ± 6.69 54.74 ± 27.31 1640.00 ± 45.82 
Tem= Temperature, DO= Dissolved oxygen, Con= Conductivity, Tur =Turbidity, NTU= Nephelometric turbidity unit 
138 
 
4.5.4 Correlation of Blastocystis sp. with faecal coliforms and physical parameters 
Pearson correlation analysis showed no significant correlation of any of physical 
parameters or faecal coliforms count with the occurrence of Blastocystis sp. in the two 
rivers. Likewise, there was no significant correlation between faecal coliform count and 
occurrence of Blastocystis sp. in households and schools water. 
4.5.5 Blastocystis subtype distribution in water samples  
Forty-six Blastocystis isolates out of 60 culture-positive samples were successfully 
amplified by PCR and cloned. Three to four clones were completely sequenced for each 
sample. After BLAST search in Genbank database, each of the sequences obtained in 
this study showed a high homology (99.1-100%) with their closet match reference 
sequences of Blastocystis from Genbank. 
Phylogenetic analysis of Blastocystis isolates sequences with selected reference 
sequences of Blastocystis ST1 to ST9 revealed that our test Blastocystis isolates 
clustered under two genetically distinct subtypes, ST1 and ST4. The relationship 
between these isolates was summarized in the phylogenetic trees (Figure 4.11 and 4.12). 
The rooted neighbor-joining and maximum likelihood trees identified nine clades that 
corresponded of ST1 to ST9 from both sequences of water isolates and Genbank 
reference sequences, and each subtype was strongly supported by high bootstrap value. 
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Figure 4.11: Phylogenetic tree of the SSU rDNA gene sequences of Blastocystis isolated from 
water as inferred using the neighbour-joining method. Isolate names and accession 
numbers in parentheses are provided and available in Genbank. Sequences 
generated in this study (designated ‗sample code followed by clones ‗a,b,c,d‘ and 
water source in parentheses) are in bold font. P. lacertae (accession number 
U37108) served as the out-group. Bootstrap values (%) are indicated at the internal 
nodes (1,000 replicates). Bootstrap values of less than 50% are not shown. 
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Figure 4.12: Phylogenetic inferred from representative Blastocystis subtype SSU rDNA 
sequences obtained from water samples by using the maximum likelihood method. 
Isolate names and accession numbers in parentheses are provided and available in 
Genbank. Sequences generated in this study (designated ‗sample code followed by 
clones ‗a, b, c, d‘ and water source in parentheses) are in bold font. Proteromonas 
lacertae (accession number U37108) served as the out-group. Bootstrap values (%) 
are indicated at the internal nodes. Bootstrap values of less than 50% are not 
shown. 
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Multiple sequence alignments of DNA sequence of SSU rDNA gene from 
Blastocystis isolates were showed minimum sequence variations among Blastocystis 
ST4 isolates. Only four single nucleotide polymorphisms (SNPs) differentiated these 
sequences from previously published ST4 sequences available in Genbank (Figure 
4.13A, B, and Table 4.19). Most sequence of clones belonged to ST4 showed 100% 
homology to their closet match strain WR2 (AY590114). However, the polymorphism 
due to base insertion, substitution or deletion were seen in three groups of clones 
(SKS1
a,d
, TNK4
b,d
 and WK3
a,b,c
). The DNA sequence of Blastocystis ST1 isolates 
showed single nucleotide polymorphisms (SNPs) when compared to their closet match 
from Genbank PJ99-154 (AB107961) with four base substitutions.  
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Table 4.19: Differences in SSU rDNA gene sequences of Blastocystis isolated from water in the 500 bp-domain that used for subtyping (ST1and 
ST4) and selected closet match strains from Genbank 
Isolates
clones
 from water samples Source of water ST 
 Reference isolate 
(Accession no.) 
Sequence 
homology 
BI BS BD 
No. of 
BI/BS/BD 
SKS1
b, c
, SKK1
a,b,c
, SKK2
a,b,c
, 
SKG1
a,b,c Ground water (school) 
4 
WR2, rat 
(AY590114) 
 
100% 
Nil Nil Nil Nil 
USS1
a,b,c
, USS2
a,b,c
, USS3
a,b,c
,
 
Upstream Sungai Ulu 
MSS1
a,b,c
, MSS2
a,b,c
, MSS3
a,b,c
 Midstream Sungai Ulu  
DSS1
a,b,c
, DSS2
a,b,c
, DSS3
a,b,c
 Downstream Sungai Ulu  
USK1
a,b,c
, USK2
a,b,c
 Upstream K. Lipis  
MSK1
a,b,c
, MSK2
a,b,c
 Midstream K. Lipis 
DSK1
a,b,c
, DSK2
a,b,c
 Downstream K. Lipis 
WS1
a,b,c
, WS2
a,b,c
, WK1
a,b,c 
Well 
TPS1
a,b,c
, TPS2
a,b,c
, TPS3
a,b,c
, TPK4
a,b,c
 
TPS5
a,b,c
, TPS6
a,b,c
 TPK1
a,b,c
, TPK2
a,b,c
, 
TPK3
a,b,c
, TPK4
a,b,c
, TPK6
a,b,c
 
Tap  
TNS1
a,b,c
, TNK4
a,c
, TNS6
a,b,c
 Tank (rain water) 
SKS1
a,d
,TNK4
b,d Ground /tank (rain water) 99.7% NIL T
278G NIL 1 BS 
WK3
a,b,c Well 99.3% -
429C T450C T456 - 1 BI, 1 BS, 1BD 
TNK1
a,b,c
, TNK2
a,b,c
, TNK3
a,b,c
, 
TNS2
a,b,c
, TNS4
a,b,c
 
Tank (rain water) 
1 
PJ99-154, monkey 
(AB107961) 
99.1% NIL 
A
36C 
C
37A 
C
267T 
C
280A 
NIL 4BS TPK6
a,b,c
, TPK7
a,b,c
, TPS7
a,b,c
 Tap 
WK4
a,b,c Well 
BI: base insertion, BS: base substitution, BD: base deletion. Sequence of bold isolate clones and the reference isolates (accession number) were used in the phylogenetic 
analysis. 
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TNK2abc-tank  GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
WK4abc-well   GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
TPK6abc-tap   GGAGGTAGTGACAATAAATCACAATGCGGGACTATCAGTCTTGCAATTGGATTGAGAACA 60 
AB107961      GGAGGTAGTGACAATAAATCACAATGCGGGACTATACGTCTTGCAATTGGATTGAGAACA 60 
              ***********************************  *********************** 
 
TNK2abc-tank  ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
WK4abc-well   ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
TPK6abc-tap   ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
AB107961      ATGTACAACTCTTATCGATAAGCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
              ************************************************************ 
 
TNK2abc-tank  TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
WK4abc-well   TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
TPK6abc-tap   TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
AB107961      TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAAGTGT 180 
              ************************************************************ 
 
TNK2abc-tank  GGGTGGTGCTGTCTGAATGACTTCGGTTAGTCAGATGATCACTACCCCCTTCCAGTATCC 240 
WK4abc-well   GGGTGGTGCTGTCTGAATGACTTCGGTTAGTCAGATGATCACTACCCCCTTCCAGTATCC 240 
TPK6abc-tap   GGGTGGTGCTGTCTGAATGACTTCGGTTAGTCAGATGATCACTACCCCCTTCCAGTATCC 240 
AB107961      GGGTGGTGCTGTCTGAATGACTTCGGTTAGTCAGATGATCACTACCCCCTTCCAGTATCC 240 
              ************************************************************ 
 
TNK2abc-tank  AGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCATTTACTGTGAGAAAATTAGA 300 
WK4abc-well   AGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCATTTACTGTGAGAAAATTAGA 300 
TPK6abc-tap   AGTAGTGGGTATTCAGTTACTTACTATTGTGTGTTGGTCATTTACTGTGAGAAAATTAGA 300 
AB107961      AGTAGTGGGTATTCAGTTACTTACTACTGTGTGTTGGTCCTTTACTGTGAGAAAATTAGA 300 
              ************************** ************ ******************** 
 
TNK2abc-tank  GTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTCG 360 
WK4abc-well   GTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTCG 360 
TPK6abc-tap   GTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTCG 360 
AB107961      GTGTTCAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTCG 360 
              ************************************************************ 
 
TNK2abc-tank  TGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATTC 420 
WK4abc-well   TGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATTC 420 
TPK6abc-tap   TGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATTC 420 
AB107961      TGTTCGATTTGATTGGTTTGTTCATGGAAGCAAGGTTAAAAGGAACAGTTGGGGGTATTC 420 
              ************************************************************ 
 
TNK2abc-tank  ATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGCA 480 
WK4abc-well   ATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGCA 480 
TPK6abc-tap   ATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGCA 480 
AB107961      ATATTCACTAGTTAGAGGTGAAATTCTCGGATTTATGGAAGATGAACAAGTGCGAAAGCA 480 
              ************************************************************ 
 
 
Figure 4.13A: Multiple alignment of partial SSU rDNA gene sequences of Blastocystis isolates 
belonged to ST1 obtained from water samples. Sequences are displayed with 
isolate name followed by clones (a, b, c, d). Reference sequences from Genbank 
are shown in their accession numbers and indicated as underline. Single 
nucleotide polymorphism (SNPs) highlighted in red colour. Complete 
homology between sequences was marked with an asterisk. Black colour dash 
donates a gap.  
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AY590114       GGAGGTAGTGACAATAAATCACAATGCGGAACTATTAGTTTTGCAATTGGATTGAGAACA 60 
SKS1ad-school  GGAGGTAGTGACAATAAATCACAATGCGGAACTATTAGTTTTGCAATTGGATTGAGAACA 60 
USS1abc-river  GGAGGTAGTGACAATAAATCACAATGCGGAACTATTAGTTTTGCAATTGGATTGAGAACA 60 
WK3abc-well    GGAGGTAGTGACAATAAATCACAATGCGGAACTATTAGTTTTGCAATTGGATTGAGAACA 60 
               ************************************************************ 
 
AY590114      ATGTACAAATGTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
SKS1ad-school ATGTACAAATGTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
USS1abc-river ATGTACAAATGTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
WK3abc-well   ATGTACAAATGTTATCGATAAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA 120 
              ************************************************************ 
 
AY590114      TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTGA 180 
SKS1ad-school TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTGA 180 
USS1abc-river TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTGA 180 
WK3abc-well   TTCCAGCTCCAATAGCGTATATTAACGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTGA 180 
              ************************************************************ 
 
AY590114      AGTGAACTTGGGTTGATGTGATCTTCGGATGACATGAATCAAAGTTGACTCTTTCCAAAG 240 
SKS1ad-school AGTGAACTTGGGTTGATGTGATCTTCGGATGACATGAATCAAAGTTGACTCTTTCCAAAG 240 
USS1abc-river AGTGAACTTGGGTTGATGTGATCTTCGGATGACATGAATCAAAGTTGACTCTTTCCAAAG 240 
WK3abc-well   AGTGAACTTGGGTTGATGTGATCTTCGGATGACATGAATCAAAGTTGACTCTTTCCAAAG 240 
              ************************************************************ 
 
AY590114      TCAATACATTGGTATTCATTTATCTTTGTATTGTGTTTGGTCATTTACTGTGAGAAAATT 300 
SKS1ad-school TCAATACATTGGTATTCATTTATCTTTGTATTGTGTTGGGTCATTTACTGTGAGAAAATT 300 
USS1abc-river TCAATACATTGGTATTCATTTATCTTTGTATTGTGTTTGGTCATTTACTGTGAGAAAATT 300 
WK3abc-well   TCAATACATTGGTATTCATTTATCTTTGTATTGTGTTTGGTCATTTACTGTGAGAAAATT 300 
              ************************************* ********************** 
 
AY590114      AGAGTGTTCAAAGCAGACGTTTGTTTGAATACATTAGCATGGAATAATCATATATGGCTT 360 
SKS1ad-school AGAGTGTTCAAAGCAGACGTTTGTTTGAATACATTAGCATGGAATAATCATATATGGCTT 360 
USS1abc-river AGAGTGTTCAAAGCAGACGTTTGTTTGAATACATTAGCATGGAATAATCATATATGGCTT 360 
WK3abc-well   AGAGTGTTCAAAGCAGACGTTTGTTTGAATACATTAGCATGGAATAATCATATATGGCTT 360 
              ************************************************************ 
 
AY590114      TCATGTTGATTTGATTGGTTTGAATATGGAAGCAAGATTAAAAGGGACAGTTGGGGGTAT 420 
SKS1ad-school TCATGTTGATTTGATTGGTTTGAATATGGAAGCAAGATTAAAAGGGACAGTTGGGGGTAT 420 
USS1abc-river TCATGTTGATTTGATTGGTTTGAATATGGAAGCAAGATTAAAAGGGACAGTTGGGGGTAT 420 
WK3abc-well   TCATGTTGATTTGATTGGTTTGAATATGGAAGCAAGATTAAAAGGGACAGTTGGGGGTAT 420 
              ************************************************************ 
 
AY590114      TCATATTC-AATAGTCAGAGGTGAAATTCTGGGATTTATGGAAGATGAACAAGTGCGAAA 479 
SKS1ad-school TCATATTC-AATAGTCAGAGGTGAAATTCTGGGATTTATGGAAGATGAACAAGTGCGAAA 479 
USS1abc-river TCATATTC-AATAGTCAGAGGTGAAATTCTGGGATTTATGGAAGATGAACAAGTGCGAAA 479 
WK3abc-well   TCATATTCCAATAGTCAGAGGTGAAATTCCGGGATT-ATGGAAGATGAACAAGTGCGAAA 479 
              ******** ******************** ****** *********************** 
 
AY590114      GCA 482 
SKS1ad-school GCA 482 
USS1abc-river GCA 482 
WK3abc-well   GCA 482 
                *** 
 
 
Figure 4.13B: Multiple alignment of partial SSU rDNA gene sequences of Blastocystis isolates 
belonged to ST4 obtained from water samples. Sequences are displayed with 
isolate name followed by clones (a, b, c, d). Reference sequences from Genbank 
are shown in their accession numbers and indicated as underline. Single 
nucleotide polymorphism (SNPs) highlighted in red colour. Complete 
homology between sequences was marked with an asterisk. Black colour dash 
donates a gap.  
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Among the Blastocystis subtypes detected in water samples, ST4 was the most 
predominant (80.4%, 37/46) followed by ST1 (19.6%, 9/46). There was no mixed 
subtype detected in these samples. Subtype ST4 was detected in all the collected water 
types including rivers, taps, tanks (rain water) and wells, while ST1 was detected only 
from tank (rain water), tap, and well water. Table 4.20 summarized the frequency of 
each subtype in different water sources.   
 
Table 4.20: Subtype classification of Blastocystis sp. in different water sources 
Water source  
Subtype 4  
No. sample (%) 
Subtype 1 
No. sample (%) 
Total  
River  15 (100%) 0 (0.00%)  15 
Tap (household) 11 (78.6%) 3 (21.4%) 14 
Rain waterank (household) 3 (37.5%) 5 (62.5%) 8 
Well (hosehold) 3 (75.0%) 1 (25.0%) 4 
Well (school) 5 (100%) 0 (0.00%) 5 
Total  37 (80.4%)  9 (19.6%) 46 
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4.5.6 Drinking water: a possible source of Blastocystis ST1 infection in 
schoolchildren  
Blastocystis sp. identified from the schoolchildren and 9 water samples (including 5 
tanks, 3 taps and one well) were clustered with subtype 1 (Figure 4.14) and showed 
100% nucleotide sequence identity of small subunit (SSU) ribosomal RNA gene. These 
findings support the evidence of water-borne transmission in this population. 
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Figure 4.14:  Phylogenetic tree of the SSU rDNA gene sequences of Blastocystis isolated from 
water was inferred using the neighbor-joining method. Reference sequences from 
Genbank shown with isolate name and, followed by accession numbers in 
parentheses. Sequences of Blastocystis ST1 from schoolchildren were included in 
the phylogenetic analysis. Proteromonas lacertae (accession number U37108) is 
used as out-group. Bootstrap values (%) are indicated at the internal nodes. 
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CHAPTER V  
DISCUSSION 
 
Blastocystis sp. is one of the most common enteric parasites present in humans, yet 
remains an enigma on many levels. Despite the fact that Blastocystis sp. was discovered 
almost 100 years ago (Alexeieff, 1911; Brumpt, 1912), the role of Blastocystis sp. in 
human disease has yet to be ascertained. Although there has been significant progress in 
understanding of Blastocystis sp. taxonomy and morphology, many aspects including its 
prevalence, genetic diversity, host specificity, transmission patterns and geographic 
distribution remain speculative and poorly characterized (Scanlan, 2012; Clark et al., 
2013). 
 Infection is mainly transmitted through faecal-oral route (Yoshikawa et al., 
2004c), and the epidemiology of blastocystosis may involve both direct (human-to-
human) and indirect (zoonotic and waterborne) transmission routes. However, the 
relative importance of these transmission routes in the epidemiology of blastocystosis is 
not completely clear, largely because traditional diagnostic tools do not have the ability 
to differentiate sources of parasites. Nevertheless, molecular epidemiology-based 
studies would improve significantly our understanding of the transmission of 
Blastocystis sp. in humans and animals and yield essential information on host 
specificity and clinical significance of Blastocystis sp. In the present study, conventional 
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diagnostic methods (culture and microscopy) in conjunction with molecular techniques 
(PCR, cloning and sequencing) were applied to investigate the epidemiology of 
Blastocystis sp. 
5.1 PREVALENCE AND PREDICTORS OF BLASTOCYSTIS INFECTION  
5.1.1 Prevalence and predictors of Blastocystis infection among rural Malaysian 
primary schoolchildren 
The present study reveals that the infection rate of Blastocystis sp. among 
schoolchildren was 25.6%, which is within the range of prevalence rate of previous 
local reports. Several Malaysian researchers noted that the infection rate of this 
protozoan was between 1.1% and 4.4% in children with diarrhoea (Sinniah & 
Rajeswari, 1994; Menon et al., 1999; Menon et al., 2001). In a recent study, a 
comparable prevalence rate of Blastocystis infection (20.4%) was reported among three 
Orang Asli (Aborigines) tribes (Proto-Malay, Negrito and Senoi) living in Negeri 
Sembilan, Perak and Pahang states, Peninsular Malaysia (Anuar et al., 2013). However, 
a higher prevalence (52.3%) was reported in aboriginal people living in Pos Senderut, 
Pahang (Noor Azian et al., 2007). Pos Senderut is a remote aboriginal settlement 
located deep in the jungle with no road access, electricity, piped water, and sanitation 
facilities and this could explain the higher prevalence of Blastocystis sp. and other 
intestinal parasites. Comparing the findings of the present study, findings of studies 
from other countries showed that the prevalence reported by the present study was 
almost similar to those reported among children in Colombia (22.4%) (Boeke et al., 
2010) and Iran (28.2%) (Daryani et al., 2006). However, it is higher than that among 
school-aged children from Thailand, Turkey, and India (Yaicharoen et al., 2005; Aksoy 
et al., 2007; Rayan et al., 2010). By contrast, considerably higher prevalence rates of 
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48.7% and 40.7% were reported among Philippians and Argentinean children, 
respectively (Baldo et al., 2004; Gamboa et al., 2011). 
The findings of the present study showed no significant difference in the 
prevalence of Blastocystis infection according to age and gender of the participants, and 
this is consistent with the results of previous reports (Noor Azian et al., 2007; Cook et 
al., 2008; Leelayoova et al., 2008; Anuar et al., 2013). The findings of the present study 
also showed that the prevalence of infection was higher among aboriginal 
schoolchildren than their Malay peers, and this could be attributed to the poor living 
conditions and socio-behavioral factors. The Aborigines were previously living in 
isolated huts without electricity, toilet, and water supply, located near to the stream in 
the forest. They were then re-settled along the water streams. Nevertheless, the 
Aborigines preferred defecating at the site of the stream, and used water from streams 
for most of their daily activities (swimming, cooking, drinking, bathing, and washing). 
This practice of defecating near the streams by the residents (especially children) in 
Lipis district, Pahang has been noted by other workers (Al-Mekhlafi et al., 2008). 
Household animals such as dogs, cats, and chickens roamed freely in and out of the 
houses and at water streams, which could also contribute to the contamination of water 
sources. The occurrence of Blastocystis sp. in water from wells and from the rain is not 
known but Blastocystis sp., Cryptosporidium and Giardia contaminated surface water 
from Malaysia due to the exposure with infected faeces from local communities (human 
and animals) that live surroundings the streams have been reported (Azman et al., 2009; 
Ithoi et al., 2011). Blastocystis sp. is transmitted by the fecal-oral route among family 
members, patients, and staff of day-care centres, and residents of small communities 
that lack access to proper sanitation (Stenzel & Boreham, 1996). As evidence of 
zoonotic transmission, several molecular studies have identified Blastocystis sp. in a 
wide range of animals and have reported that most of Blastocystis isolates from humans 
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and animals including monkeys, chickens, cattle, rats and pigs are genetically identical 
(Yoshikawa et al., 2003b; Yoshikawa et al., 2004a; Yoshikawa et al., 2009). 
As the first report from Malaysia, the present study indicates that children who 
have no access to a piped water supply are more prone to get Blastocystis infection. 
This provides further evidence for waterborne transmission of Blastocystis sp. Few 
studies have implicated contaminated water as a source of Blastocystis infections 
(Taamasri et al., 2000; Li et al., 2007a; Eroglu & Koltas, 2010; Baldursson & Karanis, 
2011; Lee et al., 2012b). This is not surprising since the transmissible form of the 
parasite is the water-resistant cyst (Tan, 2004). Blastocystis cysts were resistant to 
chlorine at the standard concentration used in tap water (Zaki et al., 1996) and 
reportedly to be able to survive in water for up to 19 days at a normal temperature, but 
are fragile at extremes of heat and cold, and in common disinfectants (Zaman et al., 
1995; Moe et al., 1996). All these characteristics made untreated water a suitable source 
of infection of this protozoan. During the visits to the villages, it was observed that 
almost half of the households in both communities (the Aborigine and Malay) used 
water from the streams, wells, and rain with or without further treatment by filtration or 
boiling. River water can be highly exposed to contamination with infected faeces from 
wild/domestic animals and humans living around the river (Azman et al., 2009; Ithoi et 
al., 2011). Therefore, drinking unboiled surface water collected from streams is strongly 
believed to be the main risk factor for Blastocystis infection, as shown in this study. A 
recent study published by Anuar et al. (2013) also confirmed that drinking untreated 
water was a significant risk factor of infection among three Orang Asli tribes living in 
rural areas of Peninsular Malaysia. 
Leelayoova et al. (2008) described the possibility of waterborne transmission of 
Blastocystis sp. by identifying the same genotype of Blastocystis sp. in faecal specimens 
collected from schoolchildren and in the drinking water provided in schools. Similar 
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results were reported by Eroglu and Koltas (2010) who identified the same subtype 
(ST1) of Blastocystis sp. from patients and tap water samples collected from their 
houses. Moreover, a high prevalence of Blastocystis ST4 was found in village dwellers 
in rural Nepal as well as in the rivers they frequented implying a strong possibility of 
waterborne transmission for Blastocystis sp. (Lee et al., 2012b). A study conducted in 
China, revealed a high infection rate (32·6%) and found that the consumption of raw 
water plants and drinking unboiled water were predictors for Blastocystis infection (Li 
et al., 2007a). Furthermore, in a study among pre-school children from Jordan, the 
prevalence rate of Blastocystis infection was 25% and contaminated water was 
implicated as a major source of infection (Nimri, 1993). In a worldwide review on 
waterborne outbreaks of parasitic protozoan infections, Blastocystis sp. was responsible 
for two outbreaks out of 325 documented outbreaks. The Blastocystis outbreaks 
occurred in Italy and China, and the suspected cause of these outbreaks was 
consumption of contaminated water (Karanis et al., 2007). 
Another significant finding that was associated with the risk of Blastocystis 
infection was the low level of maternal education. Children of mothers with less than 6 
years of formal education were almost 3 times more likely to be infected with 
Blastocystis sp. It is well documented that education of the family, particularly the 
mothers, has an important role in preventing intestinal parasitic infections among 
children (Aksoy et al., 2007). A study conducted in Turkey, showed that Blastocystis 
sp. was the most common parasite (14.6%) among primary schoolchildren, and the 
infection was significantly associated with mother‘s educational level. The infection 
declined with increased educational level of mothers indicating that certain hygienic 
practices were better when the mother had received a higher level of education (Aksoy 
et al., 2007). Daryani et al. (2006) reported that prevalence of Blastocystis sp. in 
children of working mothers was less than those of non-working mothers. They 
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assumed that a higher educational level in employed mothers played an important role 
in hygienic education of their children. In contrast, other studies found no association 
between the mother‘s educational level and the rate of Blastocystis infection 
(Leelayoova et al., 2008; Boeke et al., 2010). 
Through observations, many of the schoolchildren especially Aborigines always 
looked tired and weak which could be related to the burden of parasitic infections. The 
schoolchildren were found to be infected with intestinal parasites, other than 
Blastocystis sp., including soil-transmitted helminths (STH), Entamoeba spp and 
Giardia intestinalis. Those parasites particularly STH may have negative impacts on the 
nutritional status, cognitive function, and school performance of schoolchildren, and 
increase their susceptibility to other infectious diseases. 
Subsequently, infection of Blastocystis sp., as either single or multiple 
infections, was found to be significantly associated with gastrointestinal symptoms 
among these schoolchildren with abdominal pain (58.8%) and diarrhoea (50.0%) being 
the common symptoms. To date, the pathogenic role of Blastocystis sp. is still 
controversial (Tan et al., 2010). Numerous clinical and epidemiological studies 
concluded that Blastocystis sp. is a commensal organism and probably is not responsible 
for clinical symptoms in infected patients (Sun et al., 1989). On the other hand, many 
studies have also showed significant association of some gastrointestinal symptoms 
with the infection, and have suggested a positive correlation between the parasite 
density and symptoms (Qadri et al., 1989; Galantowicz et al., 1993; Nimri & Batchoun, 
1994; Kaya et al., 2007). 
In a large-scaled study aimed at determining the prevalence and clinical 
importance of Blastocystis sp. among 12136 patients in Saudi Arabia, 17.5% of the 
patients were infected and almost half of them were symptomatic with abdominal pain 
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being the most common symptom (87.9%) followed by constipation (32.2%) and 
diarrhoea (23·4%) (Qadri et al., 1989). In another study conducted among hospitalized 
Turkish patients without any other co-infecting pathogens, higher rates of symptoms 
were present among Blastocystis-infected children, abdominal pain was present in 
76.9%, diarrhoea in 50.0% and distention in 32.6%, indicating an association between 
parasite density and pathology (Kaya et al., 2007). In addition, several studies suggested 
that Blastocystis infections in children were associated with gastrointestinal symptoms 
such as abdominal pain, diarrhoea, and flatulence (Martín-Sánchez et al., 1992; Nimri, 
1993; Sinniah & Rajeswari, 1994; Graczyk et al., 2005; Andiran et al., 2006). 
Moreover, several studies found a higher incidence of Blastocystis infection among 
immunocompromised individuals, including AIDS patients and individuals with cancer 
(Horiki et al., 1999; Kurniawan et al., 2009; Tasova et al., 2000). Besides that, 
extraintestinal manifestations were reported as invasive Blastocystis infections in two 
recent studies and a debate over the issue that Blastocystis sp. is an opportunistic 
pathogen has begun (Hu et al., 2008; Janarthanan et al., 2011). 
5.1.2 Prevalence, predictors and clinical significance of Blastocystis infection in 
Sebha, Libya 
The present study reveals that the prevalence of Blastocystis infection  among 
outpatients was 22.1%, which is within the range of the prevalence rate of previous 
studies in Libya (Al-Fellani et al., 2005; Salem et al., 2006; Al-Fellani et al., 2007; 
Kassem et al., 2007; Sadaga & Kassem, 2007). The prevalence of Blastocystis infection 
in Sebha was reported to range between 18.5% and 26.2% (Al-Fellani et al., 2005; Al-
Fellani et al., 2007). Moreover, studies from other regions of Libya have reported a 
prevalence of 29.6% in Sirt city (Salem et al., 2006) and 6.7% among schoolchildren in 
Derna. Most Libyan medical practitioners are not familiar with Blastocystis infection in 
humans, even though Blastocystis infection was commonly found in hospitalized 
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patients. Moreover, knowledge on the epidemiology and transmission of Blastocystis sp. 
is not widely known and thus the laboratory detection of Blastocystis sp. in faecal 
samples is not routinely carried out. 
 Shedding of Blastocystis sp. from infected individuals especially asymptomatic 
carriers could be a source of infection in the region. An enormous increase of foreign 
workers from neighbouring countries (mainly Egypt, Sudan and Chad) and travellers 
may have contributed to the high prevalence of intestinal parasites especially 
Blastocystis sp. in the country. However, the prevalence of intestinal parasitic infections 
is expected to increase due to the civil unrest and war in Libya since early 2011. 
Although there were other intestinal protozoa parasites found in these participants, 
Blastocystis sp. was the most common. Other intestinal protozoa found included 
Giardia duodenalis, Cryptosporidium spp., Entamoeba histolytica, and Entamoeba coli. 
Moreover, Enterobius vermicularis was the only helminth detected in one patient. It 
seems that the arid climate of the study area is not favourable for the development of 
helminth parasites which need either moist soil (such as soil-transmitted helminths) or 
aquatic environment where intermediate hosts such as snails, fish or aquatic plants can 
be found (e.g. human flukes, Diphyllobothrium latum, etc) (Brooker et al., 2004). 
 The present study is the first to provide information about the predictors of 
Blastocystis infection in Libya. Previous reports from different countries have shown 
that Blastocystis infections are associated with several factors. These factors inculde the 
consumption of contaminated food and water, close contact with animals, poor personal 
hygiene, inadequate sanitation, geographical distribution, agricultural activities, and 
seasonal influences (Stenzel & Boreham, 1996; Leelayoova et al., 2008; Parkar et al., 
2010; Abdulsalam et al., 2012; Lee et al., 2012b). The findings of the present study 
showed that adult participants (aged ≥ 18 years) were almost 4 times more likely to be 
infected with Blastocystis sp. It was also found that males were more prone to be 
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infected than females. Several studies have also reported a significantly higher 
prevalence in male than female patients in Libya (Al-Fellani et al., 2007; Khan et al., 
2008) and other few countries (Nimri & Batchoun, 1994; Wang et al., 2002). Outdoor 
activities by the adult males may also explain the significantly higher prevalence of 
Blastocystis infections among these groups. Previous studies have found significant 
higher infection rates in adults than in children with the highest prevalence rate among 
young adults aged between 18 and 30 years (Qadri et al., 1989; Ashford & Atkinson, 
1992; Yaicharoen et al., 2005). In contrast, other reports found a higher prevalence rates 
in children and females as compared to adults and males (Martín-Sánchez et al., 1992; 
Eleonor et al., 2004). Moreover, a recent study has reported a significant reduction in 
the Blastocystis infection prevalence rate in older children when compared with younger 
children (Pipatsatitpong et al., 2012). These contradictory findings suggest that the 
distribution of Blastocystis infection shows spatial heterogeneity with respect to age or 
sex factors. The age and gender correlations identified in this study may not represent 
physiological properties intrinsic to those hosts, but rather may be caused by the 
variation in environmental conditions associated with age and gender. 
 The results of the present study findings showed a significant association 
between the educational level of the participants and the prevalence of Blastocystis 
infection. Improvement of hygienic conditions and sanitary practices with education is 
well documented and several previous studies have identified that the low level of 
education as a significant risk factor of blastocytosis and other parasitic infections 
(Okyay et al., 2004; Quihui et al., 2006; Abdulsalam et al., 2012). Another significant 
finding of the present study that was associated with the risk of Blastocystis infection 
was the family size. Participants belong to large families (≥ 7 members) were at lower 
odds for Blastocystis infection compared to those from smaller families. This finding is 
contrary to previous studies that reported a significant association between Blastocystis 
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infection and the presence of other infected family members (Anuar et al., 2013) and 
this has been attributed to the horizontal spread or the focal transmission of infection 
among family members in the vicinity of the home. Nevertheless, these significant 
associations of Blastocystis infection with the level of education and family size were 
not confirmed by the multiple logistic regression analysis. 
 Blastocystis infection was noted to be transmitted through the faecal-oral route 
(Yoshikawa et al., 2004c), contaminated water (Abdulsalam et al., 2012; Anuar et al., 
2013), and food (Casemore, 1990; Smith & Nichols, 2006). The environmentally 
resistant cyst represents the transmissible form of the parasite (Singh et al., 1995; 
Stenzel & Boreham, 1996; Samie et al., 2009). Drinking contaminated water, especially 
surface water, was reported to be a significant risk factor for Blastocystis infection 
(Taamasri et al., 2000; Leelayoova et al., 2008; Abdulsalam et al., 2012; Anuar et al., 
2013). The current study found that all houses had piped water supply (Sebha city 
depends solely on the groundwater, of which the water available at underground of 55-
200 meters depth and pumped by using automatic water pump). In addition, almost two-
thirds of the participants use this water for drinking and other domestic household 
purposes such as cooking without any physical or chemical treatment. However, no 
significant difference in the prevalence of Blastocystis infection was found between 
those who use treated water and those who use untreated water. This may indicate that 
the level of Blastocystis contamination in groundwater is low. Data about the presence 
of waterborne parasites in drinking water and sewage in Sebha city are not available. 
Similarly, the present study found no significant association between Blastocystis 
infection and contact with animals. A significantly higher prevalence of Blastocystis 
infection among people having close contact with animals was reported by previous 
studies (Salim et al., 1999; Parkar et al., 2010; Lee et al., 2012b). Molecular studies 
have also showed that Blastocystis isolates from animals are found in the human host 
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(Yoshikawa et al., 2003b; Noël et al., 2005; Parkar et al., 2010). Hence, the possibility 
of waterborne zoonotic transmission of Blastocystis sp. was highly suggested (Wang et 
al., 2002).  
 Sebha city has adequate public services and other infrastructure with the 
exception of health structures. It was observed that the garbage and sewage from the 
city are discharged without proper treatment in the nearby desert land and this may have 
an influence on the contamination of the environment and food with cysts of 
Blastocystis sp. and other enteric pathogenic parasites (e.g. Cryptosporidium, Giardia). 
Moreover, this unhygienic practice may facilitate the transfer of the  infective stages 
through wind into the food and environment. Besides, Blastocystis infection was 
reported to be most common during summer (Al-Fellani et al., 2007), where, the hot 
and dry climate may increase the transmission of the resistant forms (cyst or oocyst) of 
enteric protozoa (especially Blastocystis sp.) in the dusty environments of this city. This 
may be also partially explain the higher prevalence in males, who work more outdoors 
and therefore, have more exposure to the source of infections compared to females. 
In the same vein, the present study showed that occupational status (most males) 
of the participants was a significant predictor of Blastocystis infection, with those 
employed had greater odds for infection compared to those unemployed. The high 
prevalence rate among employed participants may indicate a higher exposure to the 
source of infection at the work places, especially contaminated food. Supporting this 
conjecture, a high prevalence rate of Blastocystis infection (35.5%) was reported among 
food handlers in Libya (Fathy, 2011). 
 Numerous studies have examined the pathogenic potential of Blastocystis sp. by 
investigation its prevalence in symptomatic and asymptomatic groups, and have thus 
either supported or denied pathogenic significance of this protozoan (Martín-Sánchez et 
159 
 
al., 1992; Cirioni et al., 1999; Tan, 2008). In the present study, a strong statistical 
association was found between the infection and the development of gastrointestinal 
symptoms (P < 0.001). However, the association between GI symptoms and 
Blastocystis infection could be confounded by symptoms from other non-identified 
causes such as the presence of virus or bacteria or other non-infectious etiologies, which 
were not pursued in this study. Attempts towards eliminating other possible causes of 
gastrointestinal symptoms are essential when attributing symptoms to Blastocystis 
infection. Therefore, future studies have to be performed in the aim at exploring the 
potential association of Blastocystis with symptoms. The most common symptoms in 
symptomatic patients were abdominal pain 76.4%, flatulence 41.1%, and diarrhoea 
21.5%. These findings are consistent with previous studies (Nimri & Batchoun, 1994; 
Kaya et al., 2007; Tan, 2008). In Saudi Arabia, abdominal pain (87.9%), constipation 
(32.2%) and diarrhoea (23.4%) were reported among 12136 Blastocystis-infected 
patients (Qadri et al., 1989). Moreover, abdominal pain (76.9%), diarrhoea (50%), and 
distention (32.6%) were found to be associated with Blastocystis infection among 
hospitalized children in Turkey (Kaya et al., 2007). Similarly, abdominal pain, recurrent 
diarrhoea, cramps, anorexia, and fatigue were significantly associated with Blastocystis 
infection among preschool children in Jordan (Nimri & Batchoun, 1994). Moreover, the 
majority of the patients in the current study had two gastrointestinal symptoms, which is 
consistent with several reports among patients infected with Blastocystis sp. (Wang et 
al., 2002; El-Shazly et al., 2005). However, a previous report on the Blastocystis sp. 
associated symptoms among patients from Sebha city found higher number of diarrhoea 
followed by abdominal pain, flatulence and nausea or vomiting (Al-Fellani et al., 2007). 
 It has been suggested that Blastocystis sp. may be an opportunistic pathogen in 
immunocompromised individuals including AIDS patients and individuals with cancer 
(Horiki et al., 1999; Kurniawan et al., 2009). However, the correlation between clinical 
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symptoms and Blastocystis sp. in immunocompromised individuals could not be 
delineated and the possibility of other unidentified etiological agents, especially viruses, 
toxins, and non-infectious causes could not be assessed. As a limitation of the present 
study, data on the immunological status of the participants were not available. The study 
may have incorporated a selection bias, as only samples from patients submitted to the 
Sebha Central Laboratory were examined. This limitation is difficult to overcome, as 
collecting faecal samples from the general population of this Libyan community has 
been found to be difficult. However, Sebha Central Laboratory receives samples from 
symptomatic and asymptomatic individuals including those who come for routine 
medical checkups requested by public and private organizations and educational 
institutions. Thus, it may be speculated that the findings of the present study can be 
generalized to the Sebha population. On the other hand, these findings cannot be 
generalized to the entire Libyan population. However, further studies are required to 
confirm these conjectures. 
 
5.2 Molecular Identification of Blastocystis sp. isolated from Malaysian 
schoolchildren 
Blastocystis sp. in the present study was diagnosed primarily by in vitro cultivation in 
Jones‘ medium and further confirmed by PCR followed by cloning and sequencing. The 
number of specimens positive by culture and PCR was 77 and 55, respectively, while 17 
of positive cultures died off during subsequent sub-cultures. Five samples positive for 
Blastocystis sp. by in vitro culture failed to produce Blastocystis-specific bands by PCR. 
A negative PCR result could be of a consequence of inhibition or due to unsuccessful 
DNA extraction. After cloning, 33 isolates were successfully cloned in Escherichia coli 
JM109; and three to four selected clones from each isolate were completely sequenced. 
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Sequencing results showed that 26 of these isolates consisted of DNA sequences with 
identical nucleotide sequences in three selected clones. Seven isolates were consisted of 
DNA sequences with non-identical nucleotides in the sequenced clones. The of results 
the current study were in agreement with previous studies that found sequence 
difference of SSU rDNA gene among Blastocystis clones belonged to the same isolates 
(Arisue et al., 2003; Noël et al., 2003; Noël et al., 2005; Souppart et al., 2009; Meloni 
et al., 2011). It has been proposed previously that differences between the groups of 
clones of the same isolate were likely due to co-infecting with two variants within the 
same subtype or sequence variations between SSU rDNA gene copies within the same 
isolate (Scicluna et al., 2006; Souppart et al., 2009; Santín et al., 2011). It might be not 
possible at present to differentiate the two possibilities. However, molecular techniques 
that have a higher discriminatory capacity, for example, multilocus sequence typing 
(MLST), would be a useful tool in addressing these issues in further studies. 
Phylogenetic trees was inferred from the SSU rDNA gene sequences of 
Blastocystis isolates by using the neighbor-joining (NJ) and maximum likelihood (ML) 
methods and rooted on Proteromonas lacerate as an outgroup. The phylogeny identified 
three separate clades from schoolchildren isolates and related Genbank sequence 
subtypes, as well as six clades from other Genbank sequence subtypes. The NJ and ML 
trees indicated that Blastocystis isolates were clustered under three subtypes; ST1, ST2 
and ST3 each supported with moderated to high bootstrap values. Using NJ analysis, 
isolates belonged to ST1 and ST3 were clustered into two groups supported by 
moderate bootstrap values (61-68%). Similar results were obtained using ML method 
supported with bootstrap values from 62 to 77%. All of the heterogeneous sequences of 
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independent clades corresponded exactly to ST1, ST2 and ST3 respectively. Moreover, 
clear mixed infections with more than one subtype were present in two isolates namely; 
180M and 294M. The nucleotide sequence from clones of isolate 180M were clustered 
under ST1 and ST3 clades while the clones of isolate 294M were clustered under ST1 
and ST2 (Figure 4.4 & 4.5 and Table 4.8). Generally, the trees topology and branch 
order were similar to those obtained by other researchers (Noël et al., 2005; Scicluna et 
al., 2006; Whipps et al., 2010). With the exception of ST1 & ST2, ST4 & ST8 and ST6 
& ST9, which clustered together, the other subtypes, were clearly separated from each 
other with strong bootstrap support. This indicates that those subtypes were closely 
related and shared common ancestors. The close relationship between ST1 and ST2, 
ST4 and ST8 as well as ST6 and ST9 were previously noted in several phylogenetic 
studies (Stensvold et al., 2007b; Stensvold et al., 2009b; Whipps et al., 2010; Santín et 
al., 2011). 
Each of the sequences obtained in this study showed the highest similarity (99.1-
100%) with SSU rDNA sequences with reference Blastocystis isolates from Genbank. 
However, sequence heterogeneity due to single nucleotide polymorphisms (SNPs) were 
seen in 7 groups of isolates belonged to ST1, all isolates clones belonged to ST2 and 6 
isolates belonged to ST3 (Table 4.8). Similar results were reported by Arisue et al. 
(2003) who found a remarkable heterogeneity of SSU rDNA gene sequences among 
several clones of different Blastocystis isolates. More recently, Stensvold et al. (2012) 
investigated intra-subtype genetic diversity of Blastocystis sp. by analyzing and 
comparing SSU rDNA sequences and data from multilocus sequence typing (MLST) of 
the mitochondrion-like organelle genome of a large number of human isolates. They 
revealed extensive intra-subtype diversity in ST3 and a genetic homogeneity of ST4. 
They have identified 58 MLST sequence types or ‗‗allele‘‘ among ST3 and only five 
MLST sequence types among ST4. The ability to detect subtype variation is essential 
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for molecular epidemiological studies of outbreaks and transmission patterns in general. 
Although intra-strain variation does not interfere with assignment of Blastocystis 
isolates to subtypes, the later study strongly suggested that the current sub-typing based 
on SSU rDNA gene might be insufficient to clarify questions about pathogenic potential 
and transmission patterns. Therefore, using higher discriminatory molecular technique 
such as MLST for further subdivision of Blastocystis subtypes should be considered in 
future studies. 
In the present study, ST3 (39.4%) was the most common among schoolchildren, 
followed by ST1 (36.4%) and ST2 (18.2%). Indeed, in most studies reported so far, a 
large majority of human infections with Blastocystis sp. were attributable to ST3 (Table 
2.4) followed by either ST1 or ST2. The results from molecular epidemiological studies 
in Australia, China, Egypt, Greece, Germany, Japan, Malaysia, Turkey, and Singapore 
strongly indicate that 40.0-70.0% of human Blastocystis infections are attributable to 
ST3. However, exceptions did occuras few studies have identified other subtypes as the 
predominant subtype. For instance, ST1 was reported to be the most common in 
Thailand (77.9%) (Leelayoova et al., 2008), Brazil (44.4%) (Malheiros et al., 2011) and 
Iran (40.0%) (Motazedian et al., 2008). Several studies have identified ST4 as the 
predominant subtype in human populations. In Spain and France, it was found that 94.1 
% and 63.0 % of human isolates were ST4 (Domínguez-Márquez et al., 2009; Poirier et 
al., 2011). In a study conducted in rural Nepal, 84.0 % of isolates were belonged to ST4 
(Lee et al., 2012a). 
The proportions of the other subtypes clearly differ between locations (Table 
2.4). For example, ST2 follows at position 2 in Italy, Turkey, and UK. Subtype 5 was 
rarely reported in humans. However, ST5 was mostly reported in animals and humans 
living next to farms (Yan et al., 2007). It was also isolated from patients in Iran 
(Moosavi et al., 2012) and Pakistan (Yakoob et al., 2010b). ST6 and ST7 are common 
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in Asia (Japan, China, Iran, and Pakistan) and North Africa (Egypt) but rarely observed 
in European countries (Italy, Greece). ST8 and ST9 have been found in UK and 
Australia and in Japan and Denmark, respectively. These results show that the subtype 
present in humans may vary with the geographical distribution of Blastocystis sp. and  
ST1–ST4 are the most predominant in all human populations worldwide while the 
others subtypes (ST5 to ST9) are found episodically. 
As previously stated, the differences reported in the number of subtypes 
identified in human populations as well as their relative proportions might indicate 
different reservoirs and routes of transmission (Hunter et al., 2004; Stensvold et al., 
2009c). The predominant ST3 was suggested to be the only subtype of human origin, 
while the remaining subtypes were likely zoonotic according to their low host 
specificity (Yoshikawa et al., 2004b; Tan, 2008; Stensvold et al., 2012). ST3 rarely 
isolated from animals that suggests relatively high host specificity of ST3, and that 
human ST3 infections are caused predominantly by human-to-human transmission. 
Therefore, the predominance of ST3 in the present study might be explained by human-
to-human transmission, which is more likely to occur among schoolchildren, as they use 
common toilet and share things among them. Besides, poor personal hygienic practices 
(i.e., consuming food with unwashed hands, consuming raw unwashed vegetables or 
fruits and storing drinking water in dirty containers) which could have facilitated the 
transmission of infection. Hence, practicing good hygiene considered the main 
measures to prevent and control of this infection in the community. Moreover, previous 
study has provided an evidence of possible human-to-human Blastocystis ST3 infection 
between two small communities (Yoshikawa et al., 2000).  
Concerning subtypes 1 and 2, their presence in the schoolchildren might be 
linked to zoonotic transmission. For example, subtype 1 could be identified in both 
humans and very wide range of animals (i.e., pigs, horses, monkeys, dogs, cattle, 
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rodents, chickens, quails, and pheasants) (Yoshikawa et al., 2004a; Noël et al., 2005). 
This shows that ST1 is not host-specific and there are many possible animal reservoirs 
for human infections. During field trips to the villages of the schoolchildren, it was 
observed that household animals such as dogs, cats, chickens, and ducks roamed freely 
in and out of the houses also mix freely with the members of their households. Thus, 
poor hand hygiene could have facilitated the transmission of Blastocystis ST1 and ST2 
from animals to humans. However, more studies on the distribution of Blastocystis 
subtypes in animals are required. 
The majority of the isolates included in this study (93.9%, 31/33) represented 
single subtype infections. While 6.0% (2/33) were mixed subtype infections (MSIs) 
consisted of two concurrent subtypes suggesting multiple sources of infection in these 
two patients. The prevalence of mixed subtype infections might be underestimated since 
only a group ofthree to four clones were sequenced for each sample. Moreover, the 
primers and subtyping method used may influence the ability of detection of mixed 
infections. Although the ST-specific primers developed by Yoshikawa et al. (1998) 
offer the possibility of detecting mixed infections, they have own limitations as they 
allow only the amplification of 7/13 STs. Besides, the technique is time-consuming as 
several PCR analyses have to be undertaken for each isolate, which make their use in 
large-scale epidemiological studies inconvenient (Stensvold et al., 2009c). However, 
despite this obvious under estimation, the prevalence of mixed infections was generally 
similar to that described in different countries such as Germany (5%) (Böhm‐Gloning et 
al., 1997), Turkey (4.3%to 13.6%) (Dogruman-Al et al., 2008; Dogruman-Al et al., 
2009), China (2.6% to 14.3%) (Yan et al., 2006; Li et al., 2007a; Li et al., 2007b), 
France (7.5%) (Souppart et al., 2009), Egypt (5%) (Souppart et al., 2010) and Italy 
(13.3%) (Meloni et al., 2011). 
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The present study showed that ST1 were more common among schoolchildren 
aged  10 years compared to those older than 10 years and this difference was 
statistically significance (P = 0.012). This finding is contradictory with previous studies 
that find no significant association between age and subtypes of Blastocystis sp. 
(Dogruman-Al et al., 2008; Özyurt et al., 2008; Dogruman-Al et al., 2009). 
Nevertheless, the higher rate of ST1 infection among  10 years-old schoolchildren may 
be attributed to low personal hygienic practices. In addition, ST1 was significantly 
associated with the absence of piped water supply and toilet facility in the households. 
About 50% of households in the study areas used water from stream, well and rain for 
drinking and other domestic purposes with or without treatment by boiling. Drinking 
untreated water has been identified before as a risk factor for infection (Taamasri et al., 
2000; Leelayoova et al., 2004; Li et al., 2007a; Anuar et al., 2013). Li et al. (2007a) 
found that the consumption of raw water plants was a risk factor for ST1 infections 
while drinking unboiled water was significantly associated with infections involving 
ST3. Furthermore, ST1 was identified from Thai schoolchildren and in the drinking 
water supply in their school (Leelayoova et al., 2008). The same subtype was detected 
in Turkish patients and tap water in their homes (Eroglu & Koltas, 2010). These results 
provide a supportive evidence for the possibility of waterborne transmission of 
Blastocystis sp.  
From the questionnaire survey, it was found that 73.0% of the schoolchildren 
lack toilet facilities in their houses and 30% of them indicated the river as the preferred 
site of defaecation. Contamination of environment surrounding the household with 
infected faeces due to the lack of toilets increases the chances of infection and re-
infection by intestinal parasites particularly Blastocystis sp. The study showed that ST3 
infection was more common among schoolchildren aged > 10 years (P = 0.042). This 
could be due to the fact that as child grows older the exposure to many of the risk 
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factors infection increases. Nonetheless, all age groups are susceptible to infection with 
the same range with slight differences and the infection rate associated with many 
factors such as personal hygiene, daily activities, and environment. The findings of this 
study showed no association was found between any of Blastocystis sp. subtypes (ST1, 
ST2, and ST3) and gastrointestinal symptoms. This finding is in agreement with 
previous studies that found no significant differences in distribution of Blastocystis 
subtypes between symptomatic and asymptomatic individuals (Yoshikawa et al., 2004b; 
Özyurt et al., 2008; Dogruman-Al et al., 2009; Souppart et al., 2009). However, it 
should not be concluded that any association does not generally exist, as the sample size 
was too small. Therefore, more studies with larger sample sizes incorporated with a 
rigorous examination for bacteria and viruses are needed before this issue is resolved. 
Moreover, host factors, such as age, immunity and genetics, have been found to play a 
role in expression of symptoms in intestinal protozoal infections, and this might be the 
case in Blastocystis infection as well (Souppart et al., 2009). 
 
5.3 Molecular identification of Blastocystis sp. isolated from Libyan outpatients 
In the present study, 22.1% of Blastocystis sp. was morphologically diagnosed after 
faecal samples were cultivated. Of these, 64 were subjected for PCR amplification and 
in 86.0% (55/64); the expected 500 bp fragment of the SSU rDNA was successfully 
amplified. In 9 instances, no PCR product was produced although repeated DNA 
extractions and several attempts towards optimising PCR conditions. Possible reasons 
for this could be PCR inhibition or degradation of DNA due to storage and shipping. A 
previous molecular study found that PCR failed to detect 25% of samples that showed 
positive by cultivation due to PCR inhibitors in faecal samples (Souppart et al., 2009). It 
is also possible that this specimen contained an isolate not amplifiable by the primers 
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(Stensvold et al., 2006). Indeed, the choice of PCR primers may influence the ability to 
successfully detect the parasite with the possibility that some primers being more 
subtype-specific. Furthermore, some primers work well with cultured isolates, whereas 
others work well with DNA extracted directly from faeces (Stensvold et al., 2009c). 
Because of the possibility that not all Blastocystis STs have been identified, it is 
advisable to use multiple primer pairs, or develop multiplex PCR analyses, for 
characterizing Blastocystis isolates (Stensvold et al., 2009c). Of 55 PCR positive 
samples, 45 isolates were successfully cloned and readable DNA sequences were 
obtained. For other 10 PCR positive isolates (10/55), the recombinant clones could not 
be obtained despite the numerous attempts toward optimizing the cloning reaction. This 
could be due to the presence of an inhibitory component in the PCR product or DNA 
was damaged by UV light during excision from the agarose gel. Thus, preparing new 
DNA template was necessary, however, this was not applicable for these samples as 
collecting new samples from related patients was not possible. 
There were no differences in nucleotide sequences of the SSU rDNA gene found 
among the 3 replicates clones of 36 Blastocystis isolates. For the rest of isolates, four 
replicates clones were carried out after nucleotides differences were found among three 
clone sequences in similar isolates. Of these, three isolates (LMS-29, LM-44 and LF-
45) were mixed subtype infections containing two different Blastocystis subtypes. The 
difference between the two groups of duplicate clones in the similar isolate is likely due 
sequence variations between SSU rDNA gene copies within the same isolate (Scicluna 
et al., 2006). Indeed, the recent genome sequence of Blastocystis ST7 strain revealed 
that some sequence variation does exist among individual copies of the SSU rDNA gene 
in the genome (Denoeud et al., 2011). Sequence difference of SSU rDNA gene among 
Blastocystis clones were previously reported in several studies (Arisue et al., 2003; 
Noël et al., 2003; Noël et al., 2005; Souppart et al., 2009; Meloni et al., 2011). 
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The alignment of partial SSU rDNA gene sequences of Blastocystis isolates and 
their closet match reference strains from Genbank demonstrated clearly that the major 
part of SSU rDNA gene sequences are conserved among all different Blastocystis 
isolates. However, sequence heterogeneity was observed in some regions among these 
isolates. DNA sequences of isolate clones assemblage Blastocystis ST1 revealed 98.5% 
to 100% identity with the reference Blastocystis isolate MJ99-424 (AB107967) and 
HJ96A-29 (AB070989). Intra-subtype sequence polymorphism was due to a single base 
substitution and/or an insertion or a deletion (Table 4.12). For Blastocystis ST2, all 
isolates clones showed single nucleotide polymorphisms (98.3 - 99.7% homology) as 
compared to the reference isolate MJ99-116 (AB107969), with up to 3 base 
substitutions and 2 insertions and 2 deletions. Subsequently, isolates clones assemblage 
ST3 were showed 99.1% to 100% identity with reference isolate PJ99-162 (AB107963), 
in which sequence polymorphism was seen only in isolates clones LMS-29
cd
 and LMS-
26
ab
 with one and four bases substitutions, respectively. The sequence heterogeneity 
(intra- and inter-subtype) of the SSU rDNA genes among Blastocystis isolates were 
reported in many of previous studies (Arisue et al., 2003; Noël et al., 2003; Noël et al., 
2005; Stensvold et al., 2012). Moreover, intra-subtype sequence polymorphism may 
reflect the potential existence of subgroups within the same subtype as recently 
suggested (Stensvold et al., 2012). Hence, there might be a need for further subdivision 
of the subtypes, which will possibly aid in investigations of the epidemiological aspects 
of Blastocystis sp. including zoonotic potential and transmission patterns, and possible 
associations between subtypes and pathogenicity (Forsell et al., 2012). 
Phylogenetic trees of the SSUrDNA sequences of Blastocystis isolates were 
inferred by the neighbor-joining (NJ) and maximum likelihood (ML) methods. Both 
trees revealed the presence of nine different clades that corresponded to ST1 to ST9, 
indicating that the sequence patterns of the variable regions amplified correlated well 
170 
 
with the phylogenetic tree-based grouping. Overall, the clades identified in this analysis 
were in agreement with those defined in previous studies (Noël et al., 2005; Stensvold 
et al., 2007b). The NJ tree indicated that Blastocystis isolates were clustered under three 
subtypes; ST1, ST2 and ST3 each supported with high bootstrap values. Using ML 
analysis, with same dataset, the bootstrap values were high for ST1 and ST2 (100%) 
and moderate for ST3 (61%) while the topology remained the same. The rooted NJ and 
ML trees indicated that ST1 and ST2 share a common ancestor. The trees also revealed 
that ST3, ST4 and ST8, as well as ST6 and ST9 are closely related. Previous studies 
have also noted the close relationship between ST1 and ST2, as well as ST3 and ST4 
(Stensvold et al., 2007b; Stensvold et al., 2009a; Whipps et al., 2010). 
Concurrently, this study revealed that Blastocystis ST1 (51.1%) was the most 
common among these outpatients, followed by ST2 (24.4%) and ST3 (17.8%). This 
result is in agreement with other studies from other developing countries. Subtype 1 was 
reported to be the most common and predominant in humans from Thailand (90.2%) 
(Thathaisong et al., 2003), Brazil (44.4%) (Malheiros et al., 2011) and Iran (40.0%)  
(Motazedian et al., 2008). Moreover, ST1 was the predominant (77.9%) among Thai 
schoolchildren followed by ST2 (22.1%) (Leelayoova et al., 2008). Contradictory, 
many of others previous studies have reported that ST3 was the most dominant in 
humans (Table 2.4). This difference might be simply explained by differences in 
geographic distribution or study population. In a recent molecular study, distribution of 
Blastocystis subtypes was investigated in three African countries including Libya 
(Alfellani et al., 2013b). Four subtypes were detected in the Libyan population with 
ST1 (50.0%) as the most predominant followed by ST3 (39.5%), ST2 (7.9%) and ST7 
(2.6%). In Nigeria, ST1 was the most common subtype followed by ST3 and ST4 
whereas ST3 showed the highest frequency in Liberia followed by ST1, ST2 and ST4. 
The survey suggests that there is significant variation in subtype prevalence between 
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populations. The reasons underlying this variation are yet to be explored in future 
studies involving greater number of samples and multiple geographic sites. 
The distribution of other subtypes in human populations differs between 
sampling locations. ST2 was reported to be the second most common in Italy, Turkey, 
and UK. ST4 was the predominant in Nepal and Spain, and commonly found in 
Australia, Denmark, and Sweden. ST6 and ST7 are common in Japan, Pakistan, Greece, 
and Egypt. Up to date report, ST8 has been found in UK and Australia while ST9 was 
only identified in Japan and Denmark. These results show that the subtype present in 
humans may vary with the geographic distribution of Blastocystis sp. Furthermore, such 
variation could reflect true differences between communities and might indicate 
different epidemiological characteristics including reservoirs and dynamics of 
transmission (Li et al., 2007b; Souppart et al., 2009).  
Subtype 3 was rarely found in animals but predominant in human. It was 
suggested to be the only subtype of human origin and has human-to-human 
transmission (Yoshikawa et al., 2000; Tan, 2008). The other remaining subtypes were 
likely zoonotic origin (Yoshikawa et al., 2004b; Noël et al., 2005). Thus, ST1 and ST2 
were found in wide range of animals, including monkeys, chickens, cattle, pigs, dogs 
and non-human primates (Abe et al., 2003b; Yoshikawa et al., 2004a; Noël et al., 
2005). Currently, ST1 and ST2 were common in Libyan outpatients that were from 
varied family backgrounds, such as agricultural practices, animal husbandry, private 
working units, and governments. Most families lived nearby the Sebha city and owned 
animal farms surrounding their houses. Therefore, the possibility of zoonotic 
transmission of Blastocystis sp. in this population is suggested to occurr. Moreover, the 
resistant cyst from animals‘ faeces in the dusty and hot-dry climate may contaminate 
environments and street-food in this city. However, further studies are required to 
identify the potential association of subtypes with specific animal reservoirs.  
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In this study, the majority of isolates 93.3% (42/45) represented single infections 
whereas 6.7% (3/45) were mixed infections of two concurrent subtypes. The presence of 
multiple subtypes may indicate the concurrent existence of different sources of infection 
or one source containing multiple subtypes. Besides, the existence of mixed infections 
observed in this study may be underestimated since only three to four clones were 
sequenced per sample. Recently, by sequencing up to 10 clones, (Santín et al., 2011) 
were able to identify three different subtypes in a primate isolate. Furthermore, utilizing 
in vitro culture prior to PCR can also be a source of underestimation of mixed infections 
as this method may favour the preferential growth of certain subtype over others (Parkar 
et al., 2007; Yan et al., 2007). Hence, genotyping of Blastocystis DNA obtained directly 
from faeces may be more accurate for identifying mixed infections if PCR conditions 
are optimal (Tan, 2008). In general, the prevalence of mixed infections in this study was 
similar to that described in different countries that ranged between 2.6% and 14.3% (Li 
et al., 2007a; Souppart et al., 2009; Stensvold et al., 2009b; Souppart et al., 2010; 
Meloni et al., 2011). In the latter conditions, the mixed infections were expected with 
several concurrent subtypes such as ST1 and ST3, ST1 and ST2, or ST2 and ST3. 
On the other hand, statistical analysis using Chi-square test revealed differences 
in the occurrence of Blastocystis ST1 infection between male and female outpatients. 
This finding is contradictory with previous studies which found no significant 
associations between gender and subtypes of Blastocystis sp. (Dogruman-Al et al., 
2008; Özyurt et al., 2008; Dogruman-Al et al., 2009). Differences in the relative 
proportions of subtypes between the genders could indicate distinct ways of 
transmission or different exposures to the sources of transmission (Li et al., 2007a). As 
our study involved a small sample size, further identification in a greater number of 
subtypes is needed to confirm the association between Blastocystis subtypes against the 
demographic and socioeconomic characteristics of the outpatients. Our findings showed 
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that ST2 was significantly associated with low level of education. It is well documented 
that the level of education can influence the prevalence of parasitic infections including 
Blastocystis sp. (Aksoy et al., 2007; Abdulsalam et al., 2013), and that hygienic 
conditions and sanitary practices would be better when the person had received a higher 
level of education. 
The pathogenic potential of Blastocystis remains uncertain because of the 
conflicting reports about clinical symptoms caused by Blastocystis infection. In the 
recent years, it has been generally assumed that certain subtypes may contribute to the 
pathogenicity. In this study, all patients with ST3 presented with gastrointestinal 
symptoms and had no other pathogenic parasite infections. Fisher‘s exact test showed 
that ST3 was significantly related with the presence of gastrointestinal symptoms 
namely diarrhoea. This finding is in agreement with previous reports which stated that 
ST3 was predominant in patients with chronic gastrointestinal illness in several 
countries including Malaysia (Tan et al., 2008), Singapore (Wong et al., 2008), the 
USA (Jones et al., 2008) and Egypt (Souppart et al., 2010). ST3 infection was 
significantly higher in symptomatic Thai patients (especially diarrhoea) as compared to 
asymptomatic individuals (Jantermtor et al., 2013). Concerning our study, despite the 
suggestion of an association between ST3 and its possible pathogenicity, our sample 
size of test patients was too small and investigation on the presence of virus or bacteria 
was not conducted against these samples, thus further studies are needed to confirm this 
matter. 
ST1 infection is more common among symptomatic individuals compared to 
asymptomatic individuals. However, no significant association was found between 
Blastocystis ST1 infection and gastrointestinal symptoms. One symptomatic patient 
(L18-9/F) with ST1 (isolate LFS-4) had Giardia intestinalis co-infection, which could 
have been the main cause of intestinal symptoms. Previous studies have demonstrated 
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that ST1 was associated with elevated pathogenicity (Yan et al., 2006; Hussein et al., 
2008; Eroglu et al., 2009). However, a report by Tan et al (Tan et al., 2008) indicated 
otherwise; ST1 was only detected among the isolates from asymptomatic groups. As for 
ST2, 6 and 5 isolates were detected in asymptomatic and symptomatic patients, 
respectively. An asymptomatic patient (L5-27/M) found to be co-infected with 
Crptosporidium species. On the other hand, ST2 has been suggested to be a non-
pathogenic genotype of Blastocystis (Dogruman-Al et al., 2008; Eroglu et al., 2009) 
although several reports found that ST2 was associated with symptomatic infections 
(Stensvold et al., 2009b; Vogelberg et al., 2010). The correlation between Blastocystis 
incidence and symptoms and the lack of correlation between specific subtypes and 
symptoms may be due to the fact that the clinical outcome of Blastocystis infection is 
multifactorial, involving host factors (genetics, immunity and age) or parasite factors 
(genotype, virulence and zoonotic potential) or a combination of the two (Scanlan, 
2012). 
 
5.4 Occurrence of Blastocystis sp. in water samples (Malaysia) 
5.4.1 Occurrence of Blastocystis sp. and faecal coliforms in water from streams, 
households, and schools 
Drinking contaminated water is known to be one of the important factors for 
transmission of Blastocystis infection. Blastocystis infection is transmitted through the 
faecal-oral route (Yoshikawa et al., 2004c), contaminated water (Taamasri et al., 2000; 
Leelayoova et al., 2004; Abdulsalam et al., 2012; Anuar et al., 2013) and food 
(Casemore, 1990; Smith & Nichols, 2006). Compared with other forms of Blastocystis, 
cysts are more resistant to the environment. The cysts are able to survive in water for up 
to 19 days at a normal temperature (Zaman et al., 1995; Moe et al., 1996) and resistant 
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to chlorine at the standard concentration used in drinking water (Zaki et al., 1996) that 
made untreated water a possible source of this parasite.  
 In Malaysia, there have been relatively few studies of the presence of protozoan 
parasites particularly Blastocystis sp. in water sources. In the current study, Blastocystis 
sp. was detected in 92.3% of water samples collected from schools and households of 
schoolchildren in Raub and Lipis districts, Pahang. Survey on the river water samples 
frequently used by villagers, revealed that all water samples (n = 21) collected from two 
rivers (Sungai Ulu and Sungai Kuala Lipis) were contaminated with Blastocystis sp. All 
three sampling points of the two rivers (e.g. upstream, midstream and downstream) 
were contaminated. As this study employed in vitro cultivation of water sediment, it 
was not possible to determine the concentration of Blastocystis cysts at each sampling 
site. However, it is anticipated that the contamination will be higher at downstream 
followed by midstream and upstream stations. This might be due to human factors 
including higher densities of infected individuals and the increasing intensity of human 
use, which mainly occurred between midstream and downstream.  
In a study by Ithoi et al. (2011), Blastocystis sp. was detected highest at the 
downstream followed by midstream and upstream of two rivers from recreational areas 
in Malaysia. The authors indicated that various factors from human settlements and 
recreational based activities contributed to the contamination of the river water with 
waterborne protozoa including Blastocystis sp. Moreover, higher concentrations of 
Giardia and Cryptosporidium (oo)cysts were detected at downstream and midstream 
compared to upstream of two recreational rivers in Malaysia implying that human 
activities around the two river points are the main contributor for the contamination 
(Azman et al., 2009). The upstream stations of both rivers are near to the natural source 
of the water originated from the hill and are less expose to humans. As Blastocystis sp., 
has been isolated from wide range of animals, it is possible that the faecal 
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contamination could be from wild animals in the surrounding jungle. Moreover, 
contamination could also be from other aboriginal communities that live further above 
the upstreams of the rivers. 
The stream water is also used for bathing, washing, playing, swimming, and 
even for drinking and cooking especially by the Aborigines. About one third of the 
schoolchildren who live in houses without toilet facility preferred to defecate into the 
river, which contributes to contamination of the water body. In addition, the 
contamination may also due to the direct or indirect disposable of sewage. During field 
trips, it has been observed that some Aborigines‘ households discarded their sewage 
directly into the river, which could have facilitated the contamination of the river water 
by Blastocystis sp. Similarly, Lee et al. (2012b) noted that the seepage form the poorly 
built and maintained septic tanks could be source of contamination of the river by 
Blastocystis sp. from human faeces and thus contaminating drinking water sources of a 
rural community in Nepal. 
Based on the findings of the current study, there is a possibility that other rivers 
in Malaysia are contaminated as many aboriginal communities live in the upper reaches 
of the river and use it for many purposes. Using these rivers as source of drinking water 
without adequate treatment may expose consumers to infection.  
All river samples were tested positive for the presence of faecal coliforms 
indicating faecal pollution. Amongst the three sampling sites, the faecal coliforms 
density was the highest at the downstream and the lowest at midstream of both rivers. 
This may due to contamination from human settlements that were located between 
midstream and downstream of the rivers. Moreover, faecal contamination at upstream 
stations could be from wild animals or other Aborigines communities. The level of 
faecal coliforms contamination in the two rivers in three sampling sites was higher than 
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the level of Class IIA/IIB (moderately polluted river) of the proposed Interim National 
Water Quality Standards for Malaysia (INWQS) (Appendix C). Subsequently, the 
results from Person correlation analysis showed that there was no significant correlation 
between the presence of faecal coliforms and the occurrence of Blastocystis sp. in the 
water from both rivers. As stated by Rose (1986), the screening for parasites is an 
important adjunct to test the presence of indicator bacteria since the lack of coliforms 
does not imply the absence of helminths or protozoa. This lack of correlation between 
the occurrence of faecal coliforms contaminants results from difference in their 
resistance to disinfectants and in their mean survival time in water (Basualdo et al., 
2000). The bacterial indicators are more susceptible to environmental stresses and 
chlorination compared to the robust protozoan (oo)cysts. However, as long as there is a 
faecal contamination as shown by the presence of bacterial indicator (e.g. E. coli or 
coliforms) in water, there might be a possibility to Blastocystis sp. cysts to be present in 
the water body.  
Pearson correlation analysis showed no significant correlation of any of physical 
parameters assessed and the occurrence of Blastocystis sp. in the two rivers. This 
indicated that neither the physical nor the microbiological parameters measured are 
suitable as indictors for the presence of Blastocystis sp. in the tested river water. This is 
in agreement with a previous report in Malaysia (Ithoi et al., 2011). Furthermore, 
physical and microbiological parameters were found to be unsuitable indictors for the 
presence of Giardia and cryptosporidium (oo)cysts in river water (Azman et al., 2009).  
Blastocystis sp. has been isolated from rivers and lakes from Malaysia (Suresh et 
al., 2009a; Ithoi et al., 2011); however, there was no data available on the occurrence of 
Blastocystis sp. in water from wells and rain. In the present study, Blatocystis was 
detected in 18 (90.0%) of taps, 11 (91.6%) of rainwater stored in tanks, all the well 
water samples 6 (100%) collected from the households, and in 4 (66.7%) of well water 
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collected from the schools. Through the questionnaire survey, it was found that 47.3% 
of the households in both communities (Aborigines and Malay) have no provision for 
safe water supply. Instead, they use water from river, well and rain for their domestic 
needs. Even though some of the households were supplied with piped water, this water 
originated from the hill (according to the residents) or the upper reaches of the rivers in 
80% of the households surveyed. They use the water from tap and well for most of their 
daily activities including cooking, washing, bathing and even drinking while rain water 
stored in the tanks was used mainly for bathing. In addition, almost all of the surveyed 
householders stated that they practice drinking boiled water. However, there is a high 
possibility of post-contamination of boiled water as poorly maintained sanitary facilities 
within a household, poor personal hygiene and presence of animals may contribute to 
contamination of water. It was observed that most of households kept animal such as 
dogs, cats, and poultry as their domestic animals, which were reared at close proximity 
to their owners‘ houses. This close contact with animals may facilitate a zoonotic 
transmission of Blastocystis sp. from infected-animals to the communities through poor 
hygiene practices.  
In the present study, it was noted that some families kept boiled water for 
drinking purpose in containers, which were apparently dirty. Moreover, the rainwater 
from the roof of the house was collected through a simple open pipe into a storage tank. 
Many other things on the roof including animal faeces (i.e. birds and rats) can be swept 
along and contaminate the water. Although many epidemiological studies have 
implicated contamination of water as a source of Blastocystis infections, only few 
studies reported its presence in water sources. Studies conducted in several countries 
showed that different types of water were found to be contaminated with Blastocystis 
sp. including rivers (Ithoi et al., 2011; Lee et al., 2012b), tap water (Basualdo et al., 
2000; Eroglu & Koltas, 2010), tank water (Khalifa et al., 2001), rainwater (Leelayoova 
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et al., 2008) and sewage (Suresh et al., 2005; Banaticla & Rivera, 2011). Therefore, 
drinking water could be a vehicle for the transmission of Blastocystis sp. and thus, 
constitute a health-risk factor for the consumers.   
A variety of features, particularly the size of the transmissible stages and their 
environmental robustness, enhance the potential for waterborne transmission (Karanis et 
al., 2007). As for the enteric protozoan pathogens, Cryptosporidium and Giardia, the 
cysts of Blastocystis sp. are environmentally robust and can remain viable for several 
days at normal temperature (Moe et al., 1996). Besides, zoonotic transmission can 
occur, contributing to environmental contamination and enhancing the likelihood of 
waterborne transmission. Moreover, the cysts are sufficiently small (3-10 µm) to 
penetrate the physical barriers of water treatment and are insensitive to chlorine at 
standard concentrations used in drinking water (Zaki et al., 1996). However, they are 
fragile at extreme temperatures and in common disinfectants (Moe et al., 1996). 
Because the cysts are resistance to chlorine, the practice of boiling of water is regarded 
as a simple and inexpensive measure of safety against waterborne diseases in 
conjunction with improvement of environmental sanitation and proper personal hygiene 
practices. 
Blatocystis sp. was detected in the water samples (groundwater) collected from 
the schools involved in this study. Personal communication with schools‘ authorities 
revealed that water supplies in the schools were used only for cleaning purposes, and 
not for drinking. Hence, waterborne transmission of Blastocystis sp. is not suggested to 
take place in the schools. However, person-to-person transmission could not be ruled 
out as it was noted that the personal hygiene of most schoolchildren was poor which 
could facilitated the transmission of infection through faecal-oral route.  
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In the present study, faecal coliforms was detected in all water samples collected 
from households and schools at the lowest concentration in water collected from well in 
households and the highest in groundwater collected from the schools. However, there 
was no significant correlation between faecal coliforms count and occurrence of 
Blastocystis sp. in households and schools water. Faecally contaminated water could 
lead to the transmission of pathogens and, therefore, to waterborne diseases. Although 
most waterborne pathogens do not usually grow or proliferate in water, they are able to 
persist in water for a prolonged period. For instance, cysts of Blastocystis sp. were able 
to survive in water for up to 19 days at a normal temperature, one month at 25°C and up 
to two months at 4°C. Public and environmental health protection requires safe drinking 
water, which means that it must be free of pathogenic bacteria. Thus, it is assumed that 
the potable water of good microbiological quality should not contain any faecal 
coliforms (0 CFU/100 mL of water sample) (Rompre´ et al., 2002). 
In rural Malaysia, many communities rely on groundwater, which is extracted 
using shallow dug wells for their daily purposes. In the present study, groundwater was 
found to be contaminated with faecal coliforms as well as Blastocystis sp. Faecal 
contamination of groundwater may originate from different sources including waste 
disposal (domestic sewage systems, land disposal of solid waste, and drainage system 
for rain water run-off), and agricultural and livestock waste. These contamination 
sources are of particular concern to groundwater quality if located close to drinking 
water wells. In addition, improper constructed and maintained wells could facilitate 
leaching of contaminants into the groundwater. Groundwater contamination is a very 
long-term problem as groundwater travel times (water travel time is the approximate 
time required for water containing contaminants to move vertically from the ground 
surface to the under groundwater supply) are relatively slow; thus, the contaminants can 
persist for a long time in the groundwater environment (Rahim  et al., 2010). Therefore, 
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an appropriate management plan including proper disposal of domestic and solid waste 
is essential to protect groundwater resources from contaminations. 
The occurrence of viable Blastocystis cysts in different water sources collected 
from the study areas provides further evidence for the potential for waterborne 
transmission of Blastocystis sp. Besides, all samples collected from the study areas 
exceeded the proposed Interim National Water Quality Standards for Malaysia 
(INWQS) of 0 CFU/100 mL of faecal coliforms for domestic water supply and 200 
CFU/100 mL of faecal coliforms in water intended for recreational purposes (Appendix 
C). 
5.4.2 Blastocystis subtype distribution in water samples 
In the present study, phylogenetic analysis reveals that SSU rDNA sequences obtained 
from water samples were clustered into independent clades corresponded exactly to ST1 
and ST4. ST1 and ST4 clades were supported with high bootstrap (100%, 99%) values 
and moderate to high bootstrap values (75%, 93%) in neighbor-joining (NJ) and 
maximum likelihood (ML) trees respectively. Both trees showed that ST1 & ST2 and 
ST6 & ST9 were clustered together and therefore, they share common ancestors. From 
the NJ and ML trees, it is possible to see the differences within ST1 clade, which is not 
observed within the ST4 clade. It has been suggested that this could indicate that ST4 
expanded more recently on an evolutionary scale (Forsell et al., 2012; Roberts et al., 
2012).  
There were no differences in the nucleotide sequences among the three clones 
sequenced of most isolates except among group of clones belonged to two isolates 
(SKS1 and TNK4). Despite the differences, the three clones for these isolates belonged 
to the same subtype (ST4) according to the phylogeny. Multiple sequence alignment of 
partial SSU rDNA gene sequences of Blastocystis isolates and their closet match 
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reference strains from Genbank showed that low genetic variability was observed in the 
ST4 sequences compared to what was seen among the other common subtypes 
identified in the study. ST4 sequences were identical to most published ST4 SSU rDNA 
genes available in Genbank. Only few single nucleotide polymorphisms (SNPs) 
differentiated these sequences from their closet match strain WR2 (AY590114). This 
may indicate that the ST4 lineage has a more recent evolutionary history. Similarly, a 
recent multi locus sequence typing analysis (MLST) of Blastocystis ST3 and ST4 
revealed a substantial intra-subtype diversity in ST3 and a genetic homogeneity of ST4 
at a population level (Stensvold et al., 2012).On the other hand, all sequences of ST1 
isolates showed sequence heterogeneity with up to four SNPs when comparing with 
their close relative from Genbank.  
The present study showed that the most predominant Blastocystis subtype in 
water samples was ST4 (80.4%) followed by ST1 (19.6%). Blastocystis ST4 has been 
reported in different animals including guinea pig (Leipe et al., 1996), lemur (Stensvold 
et al., 2009a), opossum (Parkar et al., 2007), rat (Noël et al., 2003; Noël et al., 2005), 
monkeys (Stensvold et al., 2009a), buffalos, goats and pigs (Lee et al., 2012b). 
Similarly, ST1 has been isolated from both humans and a very wide range of animals 
(i.e., pigs, horses, monkeys, dogs, cattle, rodents, chickens, quails, and pheasants) 
(Yoshikawa et al., 2004a; Noël et al., 2005; Parkar et al., 2007; Parkar et al., 2010). 
Therefore, it is likely that contaminations could be from animal sources. However, 
further studies are needed to verify the possible source of contamination. During the 
sampling visits, it has been noted that most of the householders keep different animals 
including dogs, cats, chickens, and ducks, which were reared at close proximity to their 
households. It was also observed that animals such dogs and crows were wandering at 
midstream and downstream sites of the rivers that may contribute to contamination of 
water and environment. Furthermore, ST1 was detected in schoolchildren, who may 
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enhance both the reservoir of infection and environmental contamination through 
unhygienic practices such as open defaecation. Besides, poor sewer system could 
contribute to environmental contamination, thus enhancing the likelihood of waterborne 
transmission.  
Although ST4 was predominant in water samples, none of the specimens 
collected from schoolchildren was infected with ST4. Subtype 4 is common in Europe, 
but is rarely reported from Asian, Middle Eastern, and South American human 
populations. This subtype has been isolated in higher percentage from patients suffering 
from different diseases such as acute or chronic diarrhoea (94.1%) (Domínguez-
Márquez et al., 2009), cancer (66.7%) (Poirier et al., 2011), and HIV (30.0%) (Tan et 
al., 2009). Furthermore, a higher prevalence of ST4 reported among 
immunocompromised (cancer) (Poirier et al., 2011) and IBS patients (Alfellani et al., 
2013b) compared to control groups. As ST4 was reported to be predominant among 
immunocompromised and patients with acute or chronic gastrointestinal illness, it is 
possible that our study population as immunocompetent subjects are less susceptible to 
infection with this subtype. Indeed, in vitro studies have shown that ST4 cells exhibit 
lower cysteine protease (virulence factor) activity when compared with ST7 cells, 
suggesting the possibility that ST4 is less virulent than ST7 (Sio et al., 2006; Mirza & 
Tan, 2008). Another possibility, Blastocystis ST4 isolates detected in water might have 
restricted host range (certain animals; i.e. rodents) and were incapable of infecting 
humans. However, more studies are needed to confirm these conjectures. Indeed, the 
diagnostic method used may have an impact on the relative distribution of subtypes. A 
study by Poirier et. al. (2011) showed that direct- light microscopy and xenic in vitro 
cultures (XVIC) failed to detect a large fraction of ST4 carriers that were detected by 
qPCR. Moreover, some subtypes (i.e. ST7 & ST4) present a slow growth rate under 
culture conditions (Ho et al., 1993; Mirza & Tan, 2008). In this case, these slow-
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growing subtypes may still be missed during in vitro culture expansion of stool samples, 
resulting in an underrepresentation of such subtypes (Tan, 2008). Therefore, there is a 
possibility that some ST4 infections among schoolchildren were missed, as diagnostic 
method used was XVIC. Hence, subtyping of Blastocystis DNA obtained directly from 
stools may be more accurate for identifying this subtype. Furthermore, the numbers of 
isolates (n = 33) analysed as well as clones (n = 3 to 4) sequenced were not many, and 
therefore, further identification in a greater number of isolates and clones is needed. 
Previous studies have reported the occurrence of different Blastocystis subtypes 
in different water sources. For instance, ST1 was detected in tap water (Eroglu & 
Koltas, 2010), rainwater (Leelayoova et al., 2008), river (Lee et al., 2012b) and 
wastewater (Banaticla & Rivera, 2011) while ST4 was detected in river water (Lee et 
al., 2012b). Moreover, ST2 was collected from sewage influents and effluents 
(Banaticla & Rivera, 2011). The presence of different subtypes in different water types 
confirm the remarkable ability of Blastocystis cysts to survive in the environment even 
after water treatment such as chlorination of tap water or wastewater treatment 
processes.  
Based on the sequencing results, nucleotide sequences of Blastocystis sp. from 
nine water samples that belong to ST1 were 100% identical to that of Blastocystis sp. 
found in schoolchildren. Therefore, our findings provide molecular-based evidence to 
supporting the possibility of waterborne transmission of Blastocystis. Our finding 
concurs with that by Leelayoova et al. (2008), reporting the presence of Blastocystis 
ST1 in faecal specimens collected from schoolchildren and in the drinking water 
provided in their school. Similar results were reported by Lee et al. (2012a, 2012b) who 
reported high prevalence of Blastocystis ST4 and ST1 in rural community in Nepal. The 
same subtypes were found to be pervasive in the animals they reared and the rivers they 
frequented. Similarly, a study conducted in Turkey showed Blastocystis sp. isolated 
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from patients were defined as the same as the subtypes found in the pets, of which these 
people keep at their homes, and the tap water (Eroglu & Koltas, 2010). In their study, 
Eroglu & Koltas (2010) identified three Blastocystis subtypes (ST1, ST2, and ST3) 
from patients and their pets, however, only ST1 was identified from the patients and tap 
water supply in their homes. The findings of the aforementioned studies as well as the 
present study strongly support the potential waterborne transmission of Blastocystis sp. 
and suggesting protective measures should be implemented by the relevant authorities 
in order to reduce the incidence of Blastocystis sp. transmission in such communities. 
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CHAPTER VI 
CONCLUSION 
 
Blastocystis sp. is probably one of the most common intestinal parasites of humans 
although its public health significance is still debated. Understanding the genetic 
structure of Blastocystis sp. may contribute to a better understanding of the risk factors 
of infection caused by this parasite. Because Blastocystis sp. is a common parasite and 
is transmitted faecal-orally, this parasite could be an appropriate indicator for the level 
of intestinal parasitism in different populations (Malheiros et al., 2011). The molecular 
epidemiology of Blastocystis infections in two populations in Malaysia and Libya was 
described in the present study. Below are the main findings of this study: 
 
i. The overall prevalence of Blastocystis infection among rural Malaysian 
schoolchildren was as high as 25.7%, and the significant risk factors associated 
with the infection were the sources of drinking water and mothers‘ educational 
level. Schoolchildren who do not have a tap water facility and those of mothers 
with a low level of education were more than three times as likely to be infected. 
Hence, improvement of sanitary facilities and quality of drinking water, public 
education and health promotion should be considered to prevent and control this 
infection. 
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ii. This study reveals a high prevalence (22.1%) of Blastocystis infection among 
individuals seeking health care in Sebha city in Libya. The age of ≥18 years and 
occupational status were the significant predictors of infection in this population. 
iii. Blastocystis of ST1, ST2, and ST3 were identified in rural Malaysian 
schoolchildren with ST3 (39.4%) as the most common subtype followed by ST1 
(36.4%) and ST2 (18.2%), besides, mixed subtype infections with two 
concurrent subtypes of Blastocystis were identified in 6.0% of the cases. 
Different subtypes identified in the study might indicate different reservoirs and 
way of transmission (i.e. person to person or zoonotic) while mixed subtype 
infections are indicative of multiple sources of infection or one source 
containing multiple subtypes.  
iv. Infections with ST1 were more common among schoolchildren aged 10 years 
(x
2
= 6.275; P = 0.012), those who lack piped water supply (x
2
= 4.970; P = 
0.026) and toilet facility (x
2
= 4.371; P = 0.037) in their households. ST3 
infection was significantly associated with age being more common among 
schoolchildren older than 10 years (x
2
= 4.371; P = 0.042). The age and subtypes 
correlations identified in this study may due to influence of several factors such 
as personal hygiene, daily activities and environment. Indeed, improvement of 
environmental sanitation, the provision of clean and safe drinking water and 
proper public health education regarding good personal hygiene practices are 
better strategies to control the infection. 
v. The most common subtype among Libyan outpatients was ST1 (51.1%) 
followed by ST2 (24.4%) and ST3 (17.8%) contrary to most studies worldwide 
that reported higher prevalence of ST3 in humans. This difference might be 
explained by differences in geographic distribution or study population. In 
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addition, mixed subtype infections with ST1 and ST3, and ST1 and ST2 were 
identified in 6.7% of the cases.  
vi. Blastocystis ST1 infection among outpatients was significantly associated with 
female gender (P=0.009) and educational level (P=0.034). Infection with 
Blastocystis ST2 was significantly associated with level of education being more 
common among outpatients who had low level of education. As the sample size 
in each subtype group was small, further studies are needed to confirm the 
association between Blastocystis subtypes and the demographic and 
socioeconomic characteristics of the outpatients. 
vii. Blastocystis sp. was found in 92.3% (60/65) of the water samples. From the 
samples detected positive for Blastocystis sp., 32.3% were river water, 27.7% 
tap water, 16.9% rain water stored in tanks and 15.4% wells. The occurrence of 
Blastocystis sp. in different source of water indicates the remarkable ability of 
Blastocystis cysts to survive in different types of drinking water that may 
constitute a potential health risk to the consumers.  
viii. All river samples were tested positive for faecal coliforms with highest density 
at downstream followed by midstream sampling sites. The presence of faecal 
coliforms in river water indicates faecal pollution from humans or animals living 
surrounding these areas. Various factors sourced from human settlements such 
as domestic sewage, habit of open defaecation and improper garbage disposable 
may contribute to the contamination of river water with Blastocystis sp. and 
faecal coliforms. The contamination was low at upstream site of the rivers which 
is less exposed to humans, and the contamination could be from the faeces of 
wild animals or other Aborigines‘ communities that live further above than 
upstream station of the rivers. 
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ix. All physical parameters measured as well as faecal coliforms were unsuitable 
indicators for the occurrence of Blastocystis sp. in the river water, reemphasizes 
the lack of effective conventional indicators for Blastocystis sp. contamination. 
Therefore, screening of  Blastocystis sp. should be carried out as a part of water 
quality assessment 
x. The most predominant Blastocystis sp. subtype in water samples was ST4 
(80.4%) followed by ST1 (19.6%). ST4 was detected in all the collected water 
types including rivers, taps, rainwater stored in tanks, and wells, while ST1 was 
detected only from rainwater stored in tank, tap and well water. It is likely that 
contamination source for ST4 could be mainly from animals while for ST1 the 
source of contamination could be either from animals or humans as this subtype 
was identified in faecal samples of schoolchildren. However, further studies are 
required to verify the possible source of contamination. 
xi. Blastocystis ST1 was detected in faecal specimens of schoolchildren and in 
water samples and this supports the possibility of waterborne transmission of 
Blastocystis sp. in the studied communities.  
xii. Intra-subtype sequence variations were identified in all the subtypes (ST1, ST2 
and ST3) detected in the present study with the exception of ST4, which showed 
low sequence variability. Detection of subtype variation is essential for 
molecular epidemiological studies of outbreaks and transmission patterns, and 
for facilitating our understanding of the clinical relevance and the zoonotic 
potential of different Blastocystis subtypes. 
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RECOMMENDATIONS 
In order to reveal other important aspects that have not been covered by the present 
study, the following recommendations are suggested for future work: 
i. The present study has focused only on particular populations in both countries. 
Similar studies should be carried out on other populations, for instance, urban 
and rural communities in Malaysia and Libya involving greater sample size and 
also greater information on the socioeconomic and environmental factors in 
order to improve our understanding of the molecular epidemiology of 
Blastocystis infections.  
ii. Further studies on animal isolates are required for better understanding of the 
frequently postulated but unproven role of zoonotic transmission. 
iii. In order to determine the significant of Blastocystis sp. as waterborne pathogen 
additional studies of the aquatic environments in particular those used as source 
of drinking water are required. Hence, the public health risk can be determined 
and appropriate control measures can be undertaken. 
iv. More research especially those that utilize advanced molecular techniques are 
highly recommended in future attempts to reveal the clinical significance of the 
different Blastocystis subtypes. 
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APPENDIX A 
REAGENTS AND CULTURE MEDIA 
 
1. Jone’s medium 
a. Sodium phosphate dibasic (Na2HPO4) 9.476 g in 1.0 L of distilled water (dH2O) 
Potassium hydrogen phosphate (KH2PO4) 9.078 g in 1.0 L dH2O 
Sodium chloride (NaCl)  9.0 g in 1.0 L dH2O 
b. Na2HPO4 187.5 mL 
KH2PO4  62.5 mL 
NaCl 1125.0 mL 
c. Yeast extract (Oxoid) 1 g in 1.0 L of buffer solution (b) 
d. Horse serum 10% 
    
1 g of yeast extract was added to 1000 mL of buffer solution (b). The solution was 
aliquoted to 90 mL in Schott bottles and autoclaved at 121
o
C for 20 minutes. The 
solution was then cool and kept either at room temperature or in a refrigerator. The 
complete Jone‘s medium used for Blastocystis culture was prepared by adding 10 mL of 
sterile horse serum to 90 mL of sterile medium and stored at 4
o
C until use. 
 
2. Normal saline solution 
Sodium chloride (NaCl) 0.85 g 
Distilled water 100 mL 
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3. Lugol’s iodine   
a. Lugol‘s iodine stock solution  
Iodine crystal 5.0 g 
Potassium iodide 10.0 g 
Distilled water 100 mL 
b. Lugol‘s iodine working solution  
Lugol‘s iodine stock solution (a)  5 mL 
Normal saline solution 20 mL 
    
4. Formalin 10% 
Formaldehyde solution 37-40% 10 mL  
Distilled water 900 mL 
    
5. Modified modified Ziehl-Neelsen stain 
a. Carbol fuchsin stain  
Basic fuchsin 10.0 g 
Ethanol or methanol absolute 100 mL 
Phenol 50.0 g 
Distilled water up to 1000 mL 
    
The absolute alcohol was placed into a 1.5 L dark bottle and then followed by adding 
basic fuchsin stain. The chemicals were mixed until completely dissolved. While the 
phenol was dissolved in 100 mL of distilled water and added to the bottle of the stain. 
Mixed thoroughly followed by added the remainder of water and stored at room 
temperature until use. The stain was filtered prior use. 
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b. Malachite green (0.5%)  
Malachite green  5.0 g 
Distilled water up to 1000 mL 
    
The ingredients were mixed thoroughly and stored at room temperature. 
c. Acid alcohol (3% stock solution)  
Ethanol or methanol absolute 680 mL 
Distilled water 290 mL 
Hydrochloric acid, concentrated   30 mL 
 
d. Acid alcohol (1% working solution  
Acid alcohol solution 3% (c) 30 mL 
Distilled water 60 mL 
  
6. Phosphate buffered saline (PBS), pH 7.4 
Phosphate buffered saline (Oxoid)  1 tablet 
Distilled water 200 mL 
      
The tablet was dissolved in distilled water, autoclaved at 121
o
C for 20 minutes, and 
stored at room temperature until use. 
 
7. Tris-Acetate EDTA (TAE) buffer 1X 
TAE buffer 50X (Lonza) 20 mL 
Distilled water 980 mL 
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8. Luria-Bertani (LB) medium 
a. Luria-Bertani (LB) broth  
Tryptone 10.0 g 
Yeast extract 5.0 g 
Sodium chloride (NaCl) 10.0 g  
Distilled water 1.0 L  
      
The ingredients were mixed thoroughly, autoclaved at 121
o
C for 20 minutes, and stored 
at 4
o
C until used. 
 
b. Luria-Bertani (LB) agar  
LB broth  1.0 L 
Bacteriological agar 15.0 g  
     
The ingredients were mixed thoroughly and autoclaved at 121
o
C for 20 minutes. The 
agar was allowed to cool at 50
o
C, 2530 mL was poured into petri dishes, and left to 
solidify at room temperature. The agar plates were kept at 4
o
C until used. 
 
c. LB agar plate with ampicillin  
LB agar (Appendix A.8b) 1 L 
Ampicillin, 50 mg/mL (Appendix A.9)              2 mL 
 
LB agar was prepared as in appendix (A.8b).  After autoclaving, the agar was allowed to 
cool down to 50
o
C followed by adding of ampicillin and mixed well. About 30-35 mL 
was poured into petri dishes, and left to solidify at room temperature. The agar plates 
were inverted and kept at 4
o
C until used. 
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d. LB broth with ampicillin  
LB broth (Appendix A.8a) 1 L 
Ampicillin, 50 mg/mL (Appendix A.9)   2 mL 
 
Mixed thoroughly and stored at 4
o
C until used. 
 
e. LB agar plate with ampicillin/IPTG/X-gal 
1. isopropyl- β -D-thiogalactopyranoside (IPTG) stock solution, 100 mM 
IPTG powder   1.2 g 
Deionized water 50 mL 
   
The mixture was filter-sterilized using 0.2 μm syringe filter and store in aliquots at 4°C 
until used. 
 
2. 5-bromo-4-chloro-3-indolyl-β-D-galactopyranoside (X-gal) 
X-gal powder 200 mg 
N,N-dimethylformamide 10 mL 
 
The solution was kept in dark bottle or wrapped with aluminum foil to prevent damage 
from light and stored in aliquots at -20°C until used. 
To prepare LB-ampicillin/IPTG/X-gal agar plate, 40 μL of IPTG and X-gal stock 
solutions were speared evenly on the surface of the LB-ampicillin agar plate (Appendix 
A.8c). The solution was allowed to absorb for one hour at 37
o
C. After the solution was 
completely absorbed, the plates were inverted, and store at 4°C under sterile conditions. 
Alternatively, X-gal and IPTG can be added to the medium before pouring into plates.  
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2 mL X-gal stock solution and 0.5 mL of IPTG stock solution were added to LB agar 
with ampicillin (Appendix A.8c) and mixed. The agar was poured into plates, allowed 
to solidify, inverted, and store at 4°C under sterile conditions. 
 
9. Ampicillin stock solution, 50 mg/mL 
Ampicillin, sodium salt 2.5 g 
Deionized water 50 mL 
    
The mixture was filter-sterilized using 0.2 μm syringe filter and store in aliquots at -
20°C until used. 
 
10. Ringer’s quarter strength solution 
Ringer‘s solution (Oxoid) 1 tablet 
Distilled water 200 mL 
   
The tablet was dissolved in distilled water, autoclaved at 121
o
C for 20 minutes, and 
stored at room temperature until use. 
 
11. Lauryl sulphate membrane medium 
Lauryl sulphate membrane medium (Oxoid) 76.2 g 
Bacteriological agar  15.0 g  
Distilled water 1000 mL 
        
The ingredients were mixed thoroughly and autoclaved at 121
o
C for 20 minutes. The 
agar was allowed to cool, poured into sterile Perti dishes with absorbent pad (Millipore), 
and left to solidify at room temperature, and store at 4°C under sterile conditions. 
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APPENDIX B 
QUESTIONNAIRES 
 
1. Questionnaires for schoolchildren and their partents (English version) 
I. Subject 
A. Personal information 
Name:_________________________________________________________________ 
Address: _______________________________________________________________ 
Ethnic group:___________________________________________________________ 
Age: __________________________________________________________________ 
Monthly income:_________________________________________________________ 
No. of family members:___________________________________________________ 
Gender:   Male  Female   
Educational level:  No formal education  Primary   Secondary 
  Tertiary  University   
 
B. Source of water and environmental sanitation  
1. Source of drinking and cooking water  Well  River 
   Government pipe water  Rain 
2. Source of water for bathing  Well  River 
       Government pipe water  Rain 
3. Source of water for washing  Well  River 
       Government pipe water  Rain 
4. Existence of poor flush-toilet  Yes  No 
5. Existence of bathroom  Yes  No 
6. Sewage disposal   Socking pits   Bucket 
 
 
 Common drainage  to the 
river 
7. Animals  Pets  Livestock   
   Other (Specify):__________________ 
1 2 
1 2 3 
5 4 
1 2 
3 4 
2 
1 
1 
3 4 
3 
2 
4 
 
 
 
 
2 1 
3 4 
3 
2 1 
227 
 
 
C. Personal hygiene, habits and sanitation  
1- Do you eat by hands?       Yes       No      Sometimes 
2-Do you wash your hands before eating?       Yes       No      Sometimes 
3- Do you eat raw vegetables?         Yes       No      Sometimes 
4- Do you eat fresh fruit?       Yes       No      Sometimes 
5- Do you wash fruit and vegetables?  Always   Usually 
   Sometimes   Never 
6-Do you drink boiled water?       Yes       No      Sometimes 
7- Do you bath at least once a day?       Yes       No      Sometimes 
8- Do you clean yourself after defaecation?       Yes       No      Sometimes 
9- Do you wash your hands after defaecation?       Yes       No      Sometimes 
    
10- Where do you defaecate?  River  Pit latrine 
   Pour flush toilet  Bush latrine 
   Outdoor  Others 
 
D. Health status   
1-Any diarrhea complain  Yes  No 
2- How many times in a day?_____________/day  
3- How long has the diarrhea persist?_________/days  
4- Is the stool watery?        Yes       No 
5- Is the stool bloody?        Yes       No 
   
4- Are there any symptoms?  Abdominal pain  Vomiting 
   Anorexia  Fever 
   Others (Specify):__________ 
 
II) Father    
Name:__________________________________________________________________ 
Age: ________________________________________________________________ 
   
   
   
   
3 4 
1 2 
   
   
   
   
2 1 
3 4 
5 6 
  
  
  
3 
2 1 
5 
4 
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Monthly income:__________________________________________________________ 
 
Educational level:  No formal education  Primary  Secondary 
  Tertiary  University   
Occupation:   Self-sufficient farmer  Government employee  Odd-jobs 
  Professional  Factory   
 
II) Mother    
Name:__________________________________________________________________ 
Age: ________________________________________________________________ 
Monthly income:__________________________________________________________ 
 
Educational level:  No formal education  Primary  Secondary 
  Tertiary  University   
Occupation:   Self-sufficient farmer  Government employee  Odd-jobs 
  Professional  Factory   
 
 
 
 
 
 
 
 
 
 
1 
4 
3 2 
5 
2 1 3 
4 5 
1 
4 
3 2 
5 
2 1 3 
4 5 
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2. Questionnaires for schoolchildren and their parents (Bahasa Malaysia version) 
SOAL SELIDIK 
I. SUBJEK 
A. Maklumat peribadi: 
Nama:____________________________________________________________________ 
Alamat: __________________________________________________________________ 
Keturunan:________________________________________________________________ 
Umur: ____________________________________________________________________ 
Pendapatan bulanan:_________________________________________________________ 
Berapa orang dalam keluarga anda:______________________________________________ 
Jantina:   Lelaki  Wanita   
Taraf pendidikan  Tiada pendidikan rasmi  Rendah   Menengah 
  Maktab  Universiti   
 
B. Punca air dan sanitasi sekitaran  
1. Dari mana anda dapat air untuk  
      minum dan masak? 
 Perigi  Sungai 
   Air paip kerajaan  Air hujan 
2. Dari mana anda dapat air untuk mandi?  Perigi  Sungai 
       Air paip kerajaan  Air hujan 
3. Dari mana anda dapat air untuk membasuh?  Perigi  Sungai 
       Air paip kerajaan  Air hujan 
4. Rumah anda ada tandas curah yang lama?  Ada  Tiada 
5 Rumah anda ada tandas?  Ada  Tiada 
6. Pembuangan kumbahan  Jamban curah  Tong najis 
   Perparitan biasa  Sungai 
7. Haiwan  Binatang peliharaan  Terank 
   Lain-lainnya:__________________ 
 
 
1 2 
1 2 3 
5 4 
1 2 
3 4 
2 1 
1 
3 4 
3 
2 
4 
 
 
 
 
2 1 
3 4 
3 
2 1 
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C. Kesihatan diri, tabiat, kebersihan diri  
1- Adakah anda makan dengan tangan 
anda?  
      
Ya 
      
Tidak 
     
Kadang-kadang 
2 Adakah anda membasuh tangan sebelum 
makan? 
      
Ya 
      
Tidak 
     
Kadang-kadang 
3- Adakah anda makan sayur-sayuran 
mentah?  
      
Ya 
      
Tidak 
     
Kadang-kadang 
4-Adakah anda makan buah-buahan 
segar? 
      
Ya 
      
Tidak 
     
Kadang-kadang 
5- Adakah anda membasuh sayur-sayuran 
dan buah-buahan sebelum makan? 
 Selalu   Lazim 
   Kadang-kadang  Tidak 
      
6- Adakah anda selalu minum air masak?       Ya       Tidak      Kadang-kadang 
7-Adakah anda mandi sekurang-
kurangnya sekali hari? 
      
Ya 
      
Tidak 
     
Kadang-kadang 
8- Adakah anda membasuhkan diri selepas 
membuang air besar? 
      
Ya 
      
Tidak 
     
Kadang-kadang 
9- Adakah anda basuh tangan selepas 
membuang air besar? 
      
Ya 
      
Tidak 
     
Kadang-kadang 
    
10-Di mana anda membuang air besar?  Sungai  Tandas lubang 
 
   Tandas tarik  Dalam semak 
   Luar rumah  Lain-lainnya 
D. Status kesihatan   
1- Adakah and mengalami cirit-birit?  Ya  Tidak 
2- Berapa kali dalam satu hari? _______/hari  
3 Berapa lama ia telah berlarutan? ______/hari  
4- Adakah najis berair?       Ya       Tidak 
5- Adakah najis berdarah?       Ya       Tidak 
4- Gejala yang anda alami  Sakit dalam peru  Muntah 
   Anoreksia  Demam 
   Gejala lain-lainnya:__________ 
   
   
   
   
1 2 
   
   
   
 
  
2 1 
3 4 
5 6 
3 4 
  
  
  
3 
2 1 
5 
4 
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II) Bapa    
Nama:__________________________________________________________________ 
Umur: __________________________________________________________________ 
Pendapatan bulanan:________________________________________________________ 
 
Taraf pendidikan:  Tiada pendidikan rasmi  Rendah  Menengah 
  Maktab  Universiti   
Pekerjaan:   Pekebun  Pekerja kerajaan  Kerja sambilan 
  Ikhtisas  Kilang   
 
III) Ibu    
Nama:__________________________________________________________________ 
Umur: ________________________________________________________________ 
Pendapatan bulanan:__________________________________________________________ 
 
Taraf pendidikan:  Tiada pendidikan rasmi  Rendah  Menengah 
  Maktab  Universiti   
Pekerjaan:   Pekebun  Pekerja kerajaan  Kerja sambilan 
  Ikhtisas  Kilang   
 
 
 
 
 
 
 
2 
1 
1 
1 
3 
2 
5 
3 
4 5 
2 
1 
1 
1 
3 
2 
5 
3 
4 5 
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3. Questionnaires for outpatients (English version) 
A. Personal information 
Name:_________________________________________________________________ 
Address: _______________________________________________________________ 
Age: __________________________________________________________________ 
Gender:   Male  Female   
Occupation: ____________________________________________________________ 
Educational level:  No formal education  Primary   Secondary 
  Tertiary  University   
Marital status  Married  Single  Other:______ 
No. of family members:___________________________________________________ 
 
B. Health status   
1-Any diarrhea complain  Yes  No 
2- How many times in a day?_____________/day  
3- How long has the diarrhea persist?_________/days  
4- Is the stool watery and/or bloody?        Yes       No 
   
5- Are there any symptoms?  Abdominal pain  Flatulence 
   Vomiting  Anorexia 
   Nausea  Constipation 
   Others (Specify):__________ 
6. Do you take any medications?  Yes  No 
7. Specify these medications (if any) and their purpose: ___________________________ 
8. When did you last take these medications? _______________/day 
 
C. Personal hygiene, habits and sanitation  
1- Do you eat by hands?       Yes       No      Sometimes 
2-Do you wash your hands before eating?       Yes       No      Sometimes 
3- Do you eat raw vegetables?         Yes       No      Sometimes 
1 2 
1 2 3 
5 4 
1 2 3 
  
  
3 
2 1 
7 
4 
5 6 
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4- Do you wash fruit and vegetables?  Always   Usually 
   Sometimes   Never 
5-Do you drink treated water?       Yes       No      Sometimes 
6- Water treatment  Boiling  filtration  Other 
7-Water source for drinking and household 
purposes 
 
Government pipe water 
 
Private well 
  Other (speify): __________________ 
8- Do you wash your hands after defaecation?       Yes       No      Sometimes 
9-Existence of flush-toilet  Yes  No  
10- Sewage disposal  Common drainage  Other:_____ 
10- Animals   None  Pets 
   Livestock  Others:_____ 
 
 
 
 
 
 
 
3 4 
1 2 
   
   
2 1 
1 2 
3 4 
 
 
 
1 2 
3 
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 إستبيـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــان
  معلومات شخصية -أ   
  6 الاسٌ: _____________________________________________________1
  6 ٍنبُ اىسنِ: ___________________________________________________________5
  اىعَر:________________________________________________________________ 63
  6 اىجْس7  رمر  اّثٚ 
  6اى٘ظٞفت:_______________________________________________________________2
  6 اىَسخ٘ٙ اىخعيَٜٞ: .   اٍٜ  ابخذائٜ  اعذادٛ
  
    ثبّ٘ٛ  جبٍعٜ
  6 اىحبىت الاجخَبعٞت:4  اعسة  ٍخسٗج   _______    
  6 عذد افراد الاسرة:________________________________________________________8
 
  الحالة الصحية -ب   
  6 ٕو حشن٘ ٍِ الاسٖبه:  1  ّعٌ  لا
  __6 ارا مبّج الاجببت بْعٌ مٌ ٍٝ٘ب اسخَر الاسٖبه: _________________________________5
  _________________________________________________ -6 ٕو مبُ الاسٖبه ٍبئٞب:3
  6 ٕو احخ٘ٙ اىبراز عيٚ دً اٗ ٍخبط :_________________________________________7
  6 ٕو حعبّٜ ٍِ احذ الاعراض اىخبىٞت؟2  الاً بطِ   غبزاث
      قئ   غثٞبُ
      فقذاُ شٖٞت  اٍسبك
 اعراض اخرٙ (ارمرٕب): __________________
 
   
 
  6 ٕو حخْبٗه أٛ ّ٘ع ٍِ الأدٗٝت؟.  ّعٌ   لا
 6 إرا مبّج الإجببت بْعٌ ٍب ٕٜ  حذد أّ٘اع الأدٗٝت أٗ اىغرض ٍِ حْبٗىٖب: _______________________4
 ________________6 ٍخٚ آخر ٍرة حٌ حْبٗىٖب: ____________________________________8
 
 
 2
 2 1
 2 3 1
 4 5
 3 1 2
 1
 2 1
 3 4
 5 6
 7
 1 2
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  العادات الصحية -ج   
  6 ٕو حخْبٗه الامو بٞذٝل؟1  
    ّعٌ             لا          احٞبّب        
       
  6 ٕو حغسو ٝذٝل قبو الامو؟5 
    ّعٌ             لا          احٞبّب        
  حغسو اىخضر ٗ اىف٘امٔ قبو الامو؟6 ٕو 3 
    دائَب             احٞبّب          لا        
  ٕو حخْبٗه اىخضبر اىْٞئت؟6 7  
    ّعٌ             لا          احٞبّب        
  ٍعبىجت اىَٞبٓ قبو اىشرة؟6 2  
    ّعٌ             لا          احٞبّب        
  6 طرٝقت ٍعبىجت اىَٞبٓ.  
    اىغيٜ          اىخرشٞح          اخرٙ:_____        
  6 ٍصذر اىَٞبٓ اىشرة ٗ الاغراض اىَْسىٞت4  
   شبنت اىَٞبٓ اىحنٍ٘ٞت         اببر خبصت          اخرٙ:___        
  ٕو حغسو ٝذٝل بعذ اىخبرز؟ 6.  
    ّعٌ             لا          احٞبّب        
    
  وجود حمام صحي -د   
    ّعٌ            لا        
  نوع تصريف المجاري -و   
   شبنت اىَجبرٛ اىعبٍت  اخرٙ: _________________
  الحيوانات في المنزل  -هـ  
   اىٞفت          اخرٙ: _________   
 
    لا ٝ٘جذ         
   
   
   
   
   
   
 3 2 1
   
  
 1 2
 3 1 2
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APPENDIX C 
 
PROPOSED INTERIM NATIONAL WATER QUALITY STANDARDS FOR 
MALAYSIA (INWQS) 
CLASSES 
Parameters (unit) I IIA IIB III IV V 
Temperature (⁰C) - 
Normal 
2 ⁰C 
- 
Normal 2 
⁰C 
- - 
pH 6.5-8.5 6-9 6-9 5-9 5-9 - 
Dissolved oxygen 
(mg/L) 
7 5-7 5-7 3-5 < 3 < 1 
Electric conductivity 
(S/cm) 
1000 1000 - - 6000 - 
Turbidity (NTU) 5 50 50 - - - 
Faecal 
coliforms(CFU/mL) 
10 100 400 
5000 
(20 000)

 
5000 
(20 000)

 
 

Maximum not to be exceeded 
 
CLASS Uses 
CLASS I 
Conservation of natural environment. 
Water supply 1 - practically no treatment necessary. 
Fishery 1 - very sensitive aquatic species. 
CLASS IIA 
Water Supply II - conventional treatment required. 
Fishery II - sensitive aquatic species 
CLASS IIB Recreational use with body contact. 
CLASS III 
Water Supply III - extensive treatment required. 
Fishery III - common, of economic value, and tolerant species livestock 
drinking. 
CLASS IV Irrigation 
CLASS V None of the above. 
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Class I: represents water body of excellent quality. Standards are set for the 
conservation of natural environment in its undisturbed state. Water bodies such as those 
in the national park areas, fountainheads, and in high land and undisturbed areas come 
under this category where strictly no discharge of any kind is permitted. Water bodies in 
this category meet the most stringent requirements for human health and aquatic life 
protection. 
Class IIA: represents water bodies of good quality. Most existing raw water supply 
sources come under this category. In practice, no body contact activity is allowed in this 
water for prevention of probable human pathogens. 
 
Class IIB: standard is based on criteria for recreational use and protection of sensitive 
aquatic species. 
 
Class III: is defined with the primary objective of protecting common and moderately 
tolerant aquatic species of economic value. Water under this classification may be used 
for water supply with extensive / advance treatment. This class of water is also defined 
to suit livestock drinking needs. 
 
Class IV: defines water quality required for major agricultural irrigation activities, 
which may not cover minor applications to sensitive crops. 
 
Class V: represents other waters, which do not meet any of the above uses. 
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APPENDIX D 
PHOTOGRAPHS 
  
  
Photograph D.1: Entrance of Sekolah Kebangsaan (SK) Satak, SK Kuala Koyan and 
SK Gahai. (Sekolah Kebangsaan means Primary School) 
 
Photograph D.2: Meeting with the mangement of SK Satak 
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Photograph D.3: Collection of questionnaires 
 
Photograph D.4: Stool samples 
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Photograph D.5: Orang Asli (aborigines) village with houses made from wood or 
bamboo 
 
Photograph D.6: Environment of Orang Asli house lacking proper sanitation  
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Photograph D.6: The lack of proper sanitatry facility of bathroom  
 
 
Photograph D.7: The lack of proper sanitatry facility of kitchen 
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Photograph D.8: Household animals (chicken & dogs) roam freely in/out the houses 
 
Photograph D.9: Collection of water sample from stream 
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Photograph D.10: Collection of water samples from households 
 
Photograph D.11: Water sample collected from Sekolah Kebangsaan Satak 
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Photograph D.12: Rainwater stored in tanks 
 
Photograph D.13 Garbage was dumped on the riverbank 
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Photograph D.14: House built at riverbank with drainage pipe (arrows) channelled to 
the river  
 
 
Photograph D.14: Filteration and detection of Blastocystis in water samples
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SUMMARY
Blastocystis infection has a worldwide distribution especially among the disadvantaged population and immunocompro-
mised subjects. This study was carried out to determine the prevalence and the association ofBlastocystis infection with the
socio-economic characteristics among 300 primary schoolchildren, living in rural communities in Lipis and Raub districts
of Pahang state, Malaysia. Stool samples were collected and examined for the presence of Blastocystis using direct smear
microscopy after in vitro cultivation in Jones’ medium. The overall prevalence of Blastocystis infection was found to be as
high as 25·7%. The prevalence was signiﬁcantly higher among children with gastrointestinal symptoms as compared to
asymptomatic children (x2=4·246; P=0·039). Univariate and multivariate analyses showed that absence of a piped water
supply (OR=3·13; 95% CI=1·78, 5·46; P<0·001) and low levels of mothers’ education (OR=3·41; 95% CI=1·62, 7·18;
P<0·01) were the signiﬁcant predictors of Blastocystis infection. In conclusion, Blastocystis is prevalent among rural
children and the important factors that determine the infection were the sources of drinking water and mothers’ educational
level. Interventions with provision of clean water supply and health education especially to mothers are required.
Key words: Blastocystis, predictors, drinking water, schoolchildren, Malaysia.
INTRODUCTION
Blastocystis, an intestinal protozoan, has a world-
wide distribution and is often the most commonly
reported human intestinal protozoan in children and
adults in developing countries (Stenzel and Boreham,
1996; Tan, 2008). Infection with Blastocystis is
believed to be associated with gastrointestinal symp-
toms including acute or chronic diarrhoea, which is
sometimes self-limited, and tenesmus, pruritus,
anorexia, nausea, vomiting, fever and eosinophilia
(Leder et al. 2005; Sohail and Fischer, 2005). Several
forms of Blastocystis are observed in in vitro culture
(i.e. vacuolar, avacuolar, multivacuolar, granular,
amoeboid, and cyst), the vacuolar form being mostly
recognized through microscopy. The fecal-oral route
is considered the main mode of transmission of
Blastocystis in day-care centres, institutions and
among residents of small communities (Stenzel and
Boreham, 1996). Many reports have shown that poor
hygiene, consumption of contaminated food or water
and close contact with animals are signiﬁcant risk
factors of Blastocystis infection (Nimir, 1993; Tan,
2004; Yoshikawa et al. 2009; Baldursson andKaranis,
2011).
In Malaysia, there is increasing concern about
Blastocystis infection as previous studies have shown
that Blastocystis is prevalent among urban and rural
people and in water of rivers from recreational areas
(Noor Azian et al. 2007; Ithoi et al. 2011). However,
data on the predictors of infection is largely lacking.
Therefore, this study was carried out to determine
the prevalence of Blastocystis and to investigate its
association with the socio-economic characteristics of
schoolchildren in a rural community in the Pahang
State, Malaysia.
MATERIALS AND METHODS
Study areas and subjects
This cross-sectional study was conducted between
April and August 2010 among rural schoolchildren
aged 6–13 years in Lipis (located about 230 Km
northeast of Kuala Lumpur) and Raub (located
about 190 Km northeast of Kuala Lumpur) districts
of Pahang state, Malaysia. In Lipis (longitude
102.03°E, latitude 4.11°N), 2 primary schools were
involved in this study; the National School of Gahai
(for Malay, with a total enrolment of 96 pupils) and
the National School of Kuala Koyan (for Aborigines,
* Corresponding author: Department of Parasitology,
Faculty of Medicine, University of Malaya, 50603 Kuala
Lumpur, Malaysia. Tel: +6 03 79674767. Fax:
+6 03 79674754. E-mail: init@um.edu.my, init.ithoi@
gmail.com
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with a total enrolment of 160 pupils). Similarly, 2
primary schools in Raub (longitude 101.52°E,
latitude 3.48°N) were involved, these being the
National School of Lubuk Kulit (for Malay, with a
total enrolment of 100 pupils) and the National
School of Satak (for Aborigines with a total enrol-
ment of 363 pupils). Each school is located approxi-
mately at the centre of the villages.
The villages of Malay and the aboriginal popu-
lation are close to each other and almost all houses had
an electricity supply. Houses of aboriginal people are
made of wood or bamboo in which environmental
sanitation, as well as personal hygiene, are poor. On
the other hand, the housing conditions of Malay
people are better; the traditional Malay houses are
timber houses raised on stilts with wooden or
bamboo walls. However, there are many houses
built of bricks and concrete in the Malay villages.
As in other parts ofMalaysia, the climate is equatorial
with hot-humid conditions and rainfall throughout
the year. The vegetation is the thick rain forest type
and there are few water streams in the area.
All schoolchildren attending these schools during
the survey visits were invited to participate in this
study. We observed a higher absenteeism rate among
aboriginal compared to Malay schoolchildren in
which more than one third of the schoolchildren
were absent. Although, a sample size of 247 children
was estimated to give the study at least 95% power at
5% level of signiﬁcance, we invited all children in
these schools to participate (universal sampling).
Hence, a total of 300 (70% of those present during the
visits 300/429) primary schoolchildren (150 males
and 150 females) aged 6–12 years have agreed to
participate in this study.
Questionnaire
A pre-tested questionnaire was used for the collection
of demographic and socio-economic data, environ-
mental factors, and history of gastrointestinal symp-
toms (Al-Mekhlaﬁ et al. 2008). The children and
their parents were interviewed by a well-trained
assistant, in their home settings, to ﬁll in the
questionnaire.
Detection of Blastocystis
Fresh faecal samples were collected into wide-mouth,
screw-capped containers and then transported to the
Laboratory, Department of Parasitology, University
of Malaya, Kuala Lumpur. Approximately 50mg of
feces were inoculated into a 15-ml screw-capped tube
containing 5·0 ml of complete Jones’ medium (Ithoi,
1999). All inoculated tubes were tightly closed,
placed in a rack and incubated at 37 °C. The medium
in each of these tubes was replaced with the new
complete Jones’ medium every alternate day starting
from day 2 of cultivation. This was carried out by
discarding about 4·0 ml of themedium at the top level
(without disturbing the pellet) and replaced by 4·0 ml
of new complete Jones’ medium. The presence of
Blastocystis was observed daily for 14 days of
cultivation, by placing 1 drop of cultured sediment
onto a glass slide, covered with a cover-slip and
viewed (X100 and X400 objectives) under light
microscopy (Olympus BX51). Various sizes of
Blastocystis cells (2–15 μm) were seen as vacuolar
(most common), granular (many especially in old
stool culture tubes), amoeboid (vacuolar or granular
with pseudopodia) and cyst forms. Some of these
morphologies are shown in Fig. 1. The number of
positive tubes for Blastocystis was then recorded.
Statistical analysis
Data analysis was performed using the Statistical
Package for Social Sciences for Windows SPSS
(version 13, September 2004). A proportion was
used to present the prevalence of infections and other
categorical variables. The Chi-square test was used to
test for associations between independent variables
and Blastocystis infection. A multiple logistic
regression model was performed to identify the
signiﬁcant predictors of infection. P<0·05 was
considered statistically signiﬁcant.
Ethical issues
Prior to the stool collection, the objectives of this
study were explained to the headmasters, teachers
and children, and informed verbal consent was
obtained. The protocol of this study was approved
by the Medical Ethics Committee of the University
of Malaya Medical Centre, Kuala Lumpur.
RESULTS
A total of 300 primary schoolchildren (150 males and
150 females, aged 6–12 years, median age=9 years,
Interquartile Range=9–11 years) participated in this
study. General characteristics of the subjects, includ-
ing the demographic and socio-economic proﬁles, are
shown in Table 1. In comparison, household income
and the percentage of fathers who have at least 6 years
of formal education are signiﬁcantly higher among
Malay compared to aboriginal people. On the other
hand, the percentage of working aboriginal mothers
(mostly farmers or rubber tapper) was signiﬁcantly
higher than in Malay people (P<0·05). However,
there was no signiﬁcant diﬀerence in the percentage
of mothers with at least 6 years of formal education
between both populations. The majority of aborigi-
nal worked as farmers, and almost half of the Malay
were either government employees or have their own
business.
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Prevalence and distribution of Blastocystis infection
The overall prevalence of Blastocystis was 25·7%
(77/300), it was more frequent in males than females
though this diﬀerence was not statistically signiﬁcant
(x2=2·950;P=0·086). Similarly, therewas no signiﬁ-
cant diﬀerence in the rate of infection according to
age (χ2=0·031; P=0·860). Moreover, the prevalence
of Blastocystis was higher among the aboriginal
children than the Malay but the diﬀerence was also
not statistically signiﬁcant (29·3% compared to
20·2%; x2=3·126; P=0·077). With regards to
the symptoms, the prevalence of Blastocystis was
signiﬁcantly higher among the participants who had
gastrointestinal symptoms as compared to asympto-
matic participants (34·7% compared to 22·7%;
x2=4·246; P=0·039), with abdominal pain and
diarrhoea as the most common symptoms (Fig. 2).
Stool specimens were also screened for the presence
of other intestinal parasitic infections, and the
children were found to be infected with Trichuris
trichiura (47·0%), Ascaris lumbricoides (20·7%), hook-
worm (1·7%), Giardia duodenalis (15·3%) and
Entamoeba histolytica/dispar (4·3%). Except giardia-
sis, there was no signiﬁcant association between
these infections and the gastrointestinal symptoms
(P >0·05). Regarding co-infections, only 2·3% of the
children had both Blastocystis and G. duodenalis,
while 5·3% had Blastocystis with Ascaris and/or
Trichuris. However, about half (49·4%; 38/77) of
the Blastocystis infections were single infections, and
were also found to be associated signiﬁcantly with the
gastrointestinal symptoms (x2=4·861; P=0·027).
Predictors of Blastocystis infection
Variables that may be associated with the prevalence
of Blastocystis infection were analysed using uni-
variate and multivariate analyses, and the results are
presented in Table 2. The results of univariate
analysis showed that the absence of a piped water
supply (x2=14·844; P<0·001) and the low level of
mothers’ education (x2=9·097; P<0·01) were
Table 1. General characteristics of schoolchildren
participating in this study (n=300)
Characteristics
Frequency
(%)
Age groups (years)
4 10 years 50·7
> 10 years 49·3
Gender
Female 50·0
Male 50·0
Ethnicity
Malay 39·7
Aborigines 60·3
Socio-economic status
Fathers’ education (at least 6 years) 77·0
Mothers’ education (at least 6 years) 78·7
Low household income (<RM* 500) 44·3
Working mothers 42·0
Large family (>7 members) 64·3
Supplied with piped water 52·7
Presence of animals at household 71·7
* RM, Malaysian ringgits (US$1.00=RM3.00).
Fig. 1. Various forms of Blastocystis cells (X400) from culture of stool samples.
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signiﬁcantly associated with the prevalence of infec-
tion. On the other hand, other variables including
age, sex, race, family size, family monthly income,
parental employment status and the presence of
animals at the household showed no signiﬁcant
association with the prevalence of Blastocystis infec-
tion. Logistic regression analysis conﬁrmed that the
absence of a piped water supply and the low level of
mothers’ education were the signiﬁcant predictors for
the occurrence of Blastocystis infection. School-
children who do not have a tap water facility were
more than 3 times as likely to be infected (OR=3·13;
95% CI=1·78, 5·46; P<0·001). Likewise, children of
mothers with a low level of education were more
likely to be infected with Blastocystis as compared
to those of mothers with at least 6 years of
formal education (OR=3·41; 95% CI=1·62, 7·18;
P<0·01).
DISCUSSION
In the present study, the infection rate of Blastocystis
was 25·6%, which is within the range of prevalence
rate of previous local reports. Several Malaysian
researchers noted that the infection rate of this
protozoan was between 1·1% and 4·4% in children
with diarrhoea (Sinniah and Rajeswari, 1994; Menon
et al. 1999). Recently, an epidemiological survey
showed a prevalence of 52·3% in Aborigines living in
Pos Senderut, Pahang (Noor Azian et al. 2007). Pos
Senderut is a remote aboriginal settlement located
deep in the jungle with no road access, electricity,
piped water and sanitation facilities and this could
explain the higher prevalence of Blastocystis and
other intestinal parasites. Comparing our ﬁndings
with studies from other countries showed that the
prevalence reported by the present study was similar
to those reported among children in Iran (28·2%) and
Colombia (22·4%) (Daryani et al. 2006; Boeke et al.
2010). However, it is higher than that among school-
aged children from Thailand and India (Yaicharoen
et al. 2006; Rayan et al. 2010). By contrast,
considerably higher prevalence rates of 48·7% and
40·7% were reported among Philippians and
Argentinean children, respectively (Baldo et al.
2004; Gamboa et al. 2011). Our ﬁndings showed no
signiﬁcant diﬀerence in the prevalence of Blastocystis
infection according to age and gender of the
participants, and this is consistent with the results
of previous reports (Noor Azian et al. 2007;
Leelayoova et al. 2008; Cook et al. 2009).
Our ﬁndings also showed that the prevalence of
infection was higher among aboriginal schoolchil-
dren than their Malay peers and this could be
attributed to the poor living conditions and socio-
behavioural factors. The Aborigines were previously
living in isolated huts without electricity, toilet and
water supply, located near to the stream in the forest.
They were then re-settled along the water streams
and their houses were equipped with electricity and a
toilet. Some of the houses have a piped water supply.
Nevertheless, the Aborigines preferred defecating at
the site of the stream, and used water from streams
for most of their daily activities (swimming, cooking,
drinking, bathing and washing). This practice of
defecating near the streams by the residents
(especially children) in Lipis district, Pahang has
been noted by other workers (Al-Mekhlaﬁ et al.
2008). Household animals such as dogs, cats and
chickens roamed freely in and out of the houses and
water streams, which could also contribute to the
contamination of water sources. The occurrence of
Blastocystis in water from wells and from the rain is
not known but Blastocystis, Cryptosporidium and
Fig. 2. Distribution of gastrointestinal symptoms among Blastocystis-infected schoolchildren.
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Giardia contaminated surface water from Malaysia
due to the exposure with infected feces from local
communities (human and animals) that live sur-
rounding the streams have been reported (Azman
et al. 2009; Ithoi et al. 2011). Blastocystis is
transmitted by the fecal-oral route among family
members, patients and staﬀ of day-care centres, and
residents of small communities that lack access to
proper sanitation (Stenzel and Boreham, 1996).
As evidence of zoonotic transmission, several mol-
ecular studies have identiﬁed Blastocystis in a wide
range of animals and have reported that most of the
Blastocystis isolates from humans and animals in-
cluding monkeys, chickens, cattle, rats and pigs are
genetically identical (Yoshikawa et al. 2003, 2004,
2009).
As the ﬁrst report from Malaysia, our study
indicates that children who have no access to a
piped water supply are more prone to get Blastocystis
infection, and this provides further evidence for
waterborne transmission of Blastocystis. Few studies
have implicated contaminated water as a source of
Blastocystis infections (Taamasri et al. 2000; Li et al.
2007; Leelayoova et al. 2008; Eroglu and Koltas,
2010; Baldursson and Karanis, 2011). This is not
surprising since the transmissible form of the parasite
is the water-resistant cyst (Tan, 2004). Blastocystis
cysts were reportedly able to survive in water for
up to 19 days at a normal temperature, but are fragile
at extremes of heat and cold, and in common
disinfectants (Zaman et al. 1995; Moe et al. 1996).
During the visits to the villages, we observed that
Table 2. Univariate and multivariate analyses of potential predictors associated with Blastocystis infection
among rural schoolchildren in Pahang, Malaysia (n=300)
(OR, odds ratio; CI, conﬁdence interval.)
Variables
Blastocystis infection
Prevalence (%) OR (95% CI) P
Age
410 years 26·0 1·05 (0·60, 1·85) 0·860
>10 years 25·0 1
Gender
Male 30·0 1·58 (0·94, 2·67) 0·086
Female 21·3 1
Ethnicity
Aborigines 29·3 1·64 (0·95, 2·84) 0·077
Malay 20·2 1
Fathers’ education
No formal education 31·9 1·50 (0·83, 2·70) 0·178
56 years formal education 23·8 1
Mothers’ education
No formal education 45·9 2·88 (1·15, 5·84) 0·003a,b
56 years formal education 22·8 1
Mothers’ employment status
Not working (housewives) 25·3 0·95 (0·57, 1·61) 0·860
Working (public/private) 26·2 1
Household income
4RM*500/month (low) 29·3 1·41 (0·84, 2·37) 0·196
>RM500/month 22·8 1
Family size
> 7 members (large) 31·8 1·63 (0·98, 2·76) 0·071
47 members 22·3 1
Presence of toilet in house
No 26·0 1·07 (0·59, 1·93) 0·814
Yes 24·7 1
Source of drinking water
Untreated (stream, rain, well) 35·9 2·85 (1·65, 4·89) <0·001a,b
Treated (piped) 16·5 1
Presence of animals at household
Yes 24·7 0·83 (0·47, 1·46) 0·522
No 28·2 1
a Signiﬁcant association, P<0·05.
b Conﬁrmed as signiﬁcant predictors by logistic regression analysis.
* RM, Malaysian ringgits.
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almost half of the households among both commu-
nities (the Aborigine and Malay) used water from
the streams, wells and rain with or without further
treatment by ﬁltration or boiling. River water can be
highly exposed to contamination with infected feces
from wild/domestic animals and humans living
around the river (Azman et al. 2009; Ithoi et al.
2011). Therefore, drinking unboiled surface water
from streams is strongly believed to be the main risk
factor for Blastocystis infection, as shown in this
study.
Leelayoova et al. (2008) described the possibility
of waterborne transmission of Blastocystis by identi-
fying the same genotype of Blastocystis in fecal
specimens collected from schoolchildren and in the
drinking water provided in schools. A study con-
ducted in China, revealed a high infection rate
(32·6%) and found that the consumption of raw
water plants and drinking unboiled water were
predictors for Blastocystis infection (Li et al. 2007).
Moreover, in a study among pre-school children from
Jordan, the prevalence rate of Blastocystis infection
was 25% and contaminated water was implicated as a
major source of infection (Nimri, 1993). In a world-
wide review on waterborne outbreaks of parasitic
protozoan infections, Karanis et al. (2007) documen-
ted 325 outbreaks since the 1950s and revealed that
the majority of outbreaks were reported in the USA
and Europe with Giardia and Cryptosporidium being
the predominant protozoa followed by Entamoeba,
Blastocystis, Cyclospora, Toxoplasma, Microsporidia
and free-living amoebas. Indicating a dramatic
increase in the number of waterborne outbreaks
caused by those protozoa, Baldursson and Karanis
(2011) showed that 199 outbreaks have been reported
between 2004 and 2010 with 40·2% and 30·6% of the
outbreaks occurring in New Zeeland and North
America, respectively.
Another signiﬁcant ﬁnding that was associated
with the risk ofBlastocystis infectionwas the low level
of maternal education. Children of mothers with less
than 6 years of formal education were almost 3 times
more likely to be infected with Blastocystis. It is well
documented that education of the family, particularly
the mothers, has an important role in preventing
intestinal parasitic infections among children (Okyay
et al. 2004). Daryani et al. (2006) reported that
prevalence of Blastocystis in children of working
mothers was less than those of non-working mothers.
They assumed that a higher educational level in
employed mothers played an important role in
hygienic education of their children. In contrast,
other studies found no association between the
mother’s educational level and the rate of
Blastocystis infection (Leelayoova et al. 2008; Boeke
et al. 2010).
Subsequently, infection of Blastocystis, as either
single or multiple infections, was found to be
signiﬁcantly associated with gastrointestinal
symptoms among these schoolchildren with abdomi-
nal pain (58·8%) and diarrhoea (50·0%) being the
common symptoms. To date, the pathogenic role of
Blastocystis is still controversial (Tan et al. 2010).
Numerous clinical and epidemiological studies con-
cluded thatBlastocystis is a commensal organism and
probably is not responsible for clinical symptoms
when detected (Sun et al. 1989). On the other hand,
many studies have also shown the association of some
gastrointestinal symptoms with the infection, and
have suggested a positive correlation between the
parasite density and symptoms (Qadri et al. 1989;
Galantowicz et al. 1993; Nimri and Batchoun, 1994;
Kaya et al. 2007). In a large-scaled study aimed at
determining the prevalence and clinical importance
ofBlastocystis among 12136 patients in Saudi Arabia,
17·5% of the patients were infected and almost half of
them were symptomatic with abdominal pain being
the most common symptom (87·9%) followed by
constipation (32·2%) and diarrhoea (23·4%) (Qadri
et al. 1989). In another study conducted among
hospitalized Turkish patients without any other co-
infecting pathogens, higher rates of symptoms were
present among Blastocystis-infected children,
abdominal pain was present in 76·9%, diarrhoea in
50% and distention in 32·6%, indicating an associ-
ation between parasite density and pathology (Kaya
et al. 2007). Moreover, several studies found a higher
incidence of Blastocystis infection among immuno-
compromised individuals, including AIDS patients
and individuals with cancer (Horiki et al. 1999;
Tasova et al. 2000; Kurniawan et al. 2009). Besides
that, extraintestinal manifestations were reported as
invasiveBlastocystis infections in 2 recent studies and
a debate over the issue that Blastocystis is an
opportunistic pathogen has began (Hu et al. 2008;
Janarthanan et al. 2011).
In conclusion, this study revealed that Blastocystis
infection exists among primary schoolchildren in
rural Peninsular Malaysia. Water supply and
maternal education were the main determinants of
the infection. Hence, improvement of sanitary
facilities and quality of drinking water, public
education and health promotion should be con-
sidered to prevent and control this infection.
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Blastocystis sp. in Sebha, Libya
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Johari Surin1 and Joon Wah Mak4Abstract
Background: Blastocystis sp. has a worldwide distribution and is often the most common human intestinal
protozoan reported in children and adults in developing countries. The clinical relevance of Blastocystis sp. remains
controversial. This study was undertaken to determine the prevalence of Blastocystis infection and its association
with gastrointestinal symptoms among outpatients in Sebha city, Libya.
Methods: A total of 380 stool samples were collected from outpatients attending the Central Laboratory in Sebha,
Libya for routine stool examination. The presence of Blastocystis sp. was screened comparing light microscopy of
direct smears against in vitro cultivation. Demographic and socioeconomic information were collected with a
standardized questionnaire.
Results: The overall prevalence of Blastocystis infection was 22.1%. The prevalence was significantly higher among
patients aged ≥18 years compared to those aged < 18 years (29.4% vs 9.9%; x2 = 19.746; P < 0.001), and in males
compared to females (26.4% vs 17.5%; x2 = 4.374; P = 0.036). Univariate analysis showed significant associations
between Blastocystis infection and the occupational status (P = 0.017), family size (P = 0.023) and educational level
(P = 0.042) of the participants. Multiple logistic regression analysis confirmed that the age of ≥ 18 years (OR = 5.7;
95% CI = 2.21; 9.86) and occupational status (OR = 2.2; 95% CI = 1.02, 4.70) as significant predictors of Blastocystis
infection among this population. In those who had only Blastocystis infection but no other gastrointestinal
parasitic infections, the prevalence of gastrointestinal symptoms was higher compared to those without
Blastocystis infection (35.3% vs 13.2%; x2 = 25.8; P < 0.001). The most common symptoms among these patients
were abdominal pain (76.4%), flatulence (41.1%) and diarrhoea (21.5%).
Conclusions: Blastocystis sp. is prevalent and associated with gastrointestinal symptoms among communities in
Sebha city, Libya. Age and occupational status were the significant predictors of infection. However, more studies from
different areas in Libya are needed in order to delineate the epidemiology and clinical significance of this infection.
Keywords: Blastocystis, Gastrointestinal symptoms, Sebha, LibyaBackground
Blastocystis sp. is one of the most common intestinal
protozoa found in the human intestinal tract. Blastocystis
infection is widely distributed throughout the world with a
high prevalence in developing countries in the tropics and
subtropics [1,2]. Human infection is associated with poor
personal hygiene, lack of sanitation, exposure to animals,* Correspondence: init@um.edu.my; halmekhlafi@yahoo.com
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distribution, and reproduction in any mediumand consumption of contaminated food or water [3,4]. Al-
though it was discovered almost a century ago Blastocystis
pathogenicity is reported to be controversial [4-6]. The clin-
ical manifestations among the symptomatic individuals
are mainly nonspecific such as diarrhoea, abdominal pain,
nausea, fatigue, vomiting, anorexia, and flatulence [3,4,6].
The routine diagnosis of the infection is currently based
on microscopic identification of the protozoa in the direct
smears carried out before or after cultivation of the faecal
sample [4].
In Libya, previous studies in Sebha, city showed that
Blastocystis sp. was frequently isolated from symptomaticntral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
, provided the original work is properly cited.
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routinely performed in most Libyan laboratories, so the
prevalence and predictors of Blastocystis infection are
poorly known. Given the lack of epidemiological informa-
tion on Blastocystis sp. in Libya, this study was undertaken
to determine the prevalence and associated predictors
of Blastocystis infection among outpatients attending
the Central Laboratory in Sebha, Libya.
Methods
Study area and study population
This cross-sectional study was carried out in Sebha city,
Libya, about 800 km south of Tripoli (longitude 14.42oE,
latitude 27.03oN) (Figure 1). The city is situated in the
Fezzan valley with a total area of 15,330 km2 and a
total population of 130,000 people. The area is charac-
terized by desert climate, dry and hot weather and low
rainfall. Agriculture is the main occupation of the people
and underground wells are the main source of water.
Data collection was carried out between August and
November 2010.
A total of 380 stool samples were collected from out-
patients at Sebha Central Laboratory. The samples were
collected as a part of a routine medical examination ofFigure 1 A geographic map showing Libya and the location of Sebhapeople living in the city or within the vicinity. Prior to data
collection, the nature of the study was explained to the
participants and informed verbal consents were obtained.
Demographic, socioeconomic, environmental and be-
havioural information and history of gastrointestinal
(GI) symptoms were collected with a standardized ques-
tionnaire (face-to-face interviews). Participants who tested
positive for Blastocystis infection were divided into symp-
tomatic hosts (n = 54) or asymptomatic hosts (n = 30),
based on the presence or absence of GI symptoms. The
protocol of this study was approved by the Medical Ethics
Committee of the University of Malaya Medical Center,
Kuala Lumpur. Based on this ethical clearance, permission
to conduct this study was also given by the Faculty of
Medicine, University of Sebha and Sebha Central labora-
tory authorities before the commencement of the study.
Stool examination
A single faecal sample was collected from each patient
in a clean plastic container. The specimens were exam-
ined for the presence of intestinal parasites and cultured
for Blastocystis sp. at the Central Laboratory, Sebha, Libya.
No further information was available on potential viral
or bacterial infections.city.
Table 1 General characteristics of the participants (n = 380)
Characteristics Frequency (%)
Age group (years):
≥18 238 (62.6)
<18 142 (37.4)
Gender:
Male 197 (51.8)
Female 183 (48.2)
Socioeconomic status:
Participants’ education level (at least 6 years) 120 (31.6)
Working participants 132 (44.0)
Large family size (≥ 7 members) 222 (58.4)
Treated drinking water (filtered or boiled) 138 (36.3)
Presence of animals in the house 44 (11.6)
History of recent overseas travel 16 (4.2)
Presence of gastrointestinal (GI) symptoms 153 (40.3)
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The fecal samples were cultured in Jones’ medium supple-
mented with 10% horse serum [9]. For each culture, ap-
proximately 50 mg of stool was inoculated into a 15-ml
screw-cap tube containing 5 ml of Jones’ medium. All
inoculated tubes were tightly-closed, placed in a rack
and incubated at 37°C. The medium in each of these
tubes was replaced with the new complete Jones’ medium
every alternate day starting from day 2 of cultivation. This
was carried out by discarding about 4.0 ml of the
medium at the top level (without disturbing the pellet)
and replaced by 4.0 ml of new complete Jones’ medium.
The presence of Blastocystis sp. was observed daily for
14 days of cultivation, by placing 1 drop of the cultured
sediment onto a glass slide, covered with a cover-slip and
viewed (X100 and X400 objectives) under light microscopy.
Positive cultures were defined by the detection of any form
of Blastocystis sp. (i.e. vacuolar, granular, amoeboid, and
cystic forms), as in our previous published report [3].
Detection of other intestinal parasites
The stool samples were examined on the day of collec-
tion. Wet mount preparations of the stool samples were
examined using light microscopy. In addition, specimens
were concentrated by a formalin-ethyl acetate sedimen-
tation technique. Sediments were then examined as a
wet mount in saline and iodine for detection of proto-
zoa, eggs and larvae of intestinal helminthes. Permanent
stained smears were carried out by the modified Ziehl-
Neelsen stain for intestinal coccidian parasites [10].
Statistical analysis
Statistical analysis was performed using the Statistical
Package for Social Sciences for Windows (SPSS), version
11.5 (SPSS Inc, Chicago, IL, USA). Demographic and so-
cioeconomic characteristics were treated as categorical
variables and presented as frequencies and percentages.
Pearson’s Chi Square test was used to examine the asso-
ciations of Blastocystis prevalence with the demographic
and socioeconomic factors. Odds ratio (OR) and 95%
confidence intervals (CI) were computed. A multiple lo-
gistic regression model was performed to identify the
significant predictors of infection. All P values ≤ 0.05 were
considered statistically significant.
Results
In this study, stool specimens were collected from a total
of 380 patients (197 males and 183 females) aged from 1
to 75 years (median age = 25 years, inter-quartile range =
9–41 years). The general characteristics of the patients
are shown in Table 1. The patients were from Sebha city
and its surroundings. Almost half of the participants
had a low level of education (31.6% had no formal educa-
tion and 17.6% had primary education). Similarly, abouthalf of them had high level of education (39.5% had sec-
ondary education and 11.3% had university degree).
Moreover, all of the houses are built of bricks and con-
crete and had electricity, piped water and a flush toilet
facility. More than half of patient enrolled in the study
were asymptomatic while the rest were symptomatic
with one or more of following gastrointestinal symp-
toms: abdominal pain, diarrhoea, flatulence, constipa-
tion, vomiting, and nausea.
Prevalence and predictors of Blastocystis infection
The overall prevalence of Blastocystis infection was 22.1%
(84/380). The association of Blastocystis infection with the
demographic and socioeconomic factors was examined
using univariate analysis and the results are presented in
Table 2. The results showed that the participants aged ≥
18 years had a higher prevalence of Blastocystis infec-
tion than those aged < 18 years (29.4% vs 9.9%; x2 = 19.746;
P < 0.001). Similarly, a significantly higher prevalence of
infection was reported in males as compared to females
(26.4% vs 17.5%; x2 = 4.374; P = 0.036). The prevalence
of infection was significantly higher among those who
were working (31.8% vs 19.6%; x2 = 5.848; P = 0.017) and
had low educational level (26.4% vs 17.6%; x2 = 4.250;
P = 0.042) compared to their counterparts. On the other
hand, those living in families with ≥ 7 members had sig-
nificantly lower prevalence of Blastocystis infection than
those living in small families (18.0% vs 27.8; x2 = 5.180;
P = 0.023). Multiple logistic regression analysis confirmed
the age of ≥ 18 years (OR = 5.7; 95% CI = 2.21, 9.86) and
working status (OR = 2.2; 95% CI = 1.02, 4.70) as signifi-
cant predictors of blastocystosis among this population
Table 2 Univariate analysis of potential predictors for Blastocystis infection among the participants (n = 380)
Variable Blastocystis infection OR (95% CI) P
No. Examined % Infected
Age
≥18 years 238 29.4 3.8 (2.05, 7.06) <0.001*
<18 years 142 9.9 1
Gender
Male 197 26.4 1.7 (1.03, 2.77) 0.036 *
Female 183 17.5 1
Education level
≤ Primary school 193 26.4 1.7 (1.02, 2.75) 0.042*
≥ Secondary school 187 17.6 1
Occupational status
Working 132 31.8 2.0 (1.13, 3.24) 0.017*
Not working 168 19.6 1
Family size
≥ 7 members (large) 222 18.0 0.6 (0.35, 0.93) 0.023*
< 7 members 158 27.8 1
Drinking water
Untreated water 242 23.1 1.2 (0.70, 1.97) 0.520
Treated water (chemical, filtered or boiled) 138 20.3 1
Presence of animalsin the house
Yes 44 13.6 0.5 (0.21, 1.28) 0.150
No 336 23.3 1
History of recent overseas travel
Yes 16 31.3 1.6 (0.55, 4.85) 0.360
No 364 21.7 1
Presence of GI symptoms
Yes 153 35.3 3.6 (2.14, 5.94) <0.001*
No 227 13.2 1
Abdominal pain
Yes 131 35.9 3.2 (1.94, 5.28) <0.001*
No 249 14.9 1
Diarrhoea
Yes 41 31.7 1.8 (0.86, 3.56) 0.117
No 339 20.9 1
Flatulence
Yes 55 49.1 4.5 (2.48, 8.26) <0.001*
No 325 17.5 1
OR, odds ratio; CI, confidence interval.
* Significant association (P < 0.05).
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presence of animals at the household and travel history
showed no significant association with the prevalence of
Blastocystis infection.Single and multiple infections
Of 380 patients examined, 91 (24%) were positive for
intestinal protozoa. Of these 91 patients, 79 patients
were singly infected with Blastocystis sp., 5 patients
Table 3 Results of multivariate analysis of potential
predictors for Blastocystis infection among the
participants (n = 380)
Variables Blastocystis infection P
Adjusted OR (95% CI)
Age (≥ 18 years) 5.7 (2.21, 9.86) 0.001*
Gender (male) 1.6 (0.67, 3.55) 0.304
Educational level (≤ primary education) 1.8 (0.86, 4.26) 0.113
Occupational status (working) 2.2 (1.02, 4.70) 0.045*
Family size (small) 0.7 (0.32, 1.07) 0.063
OR, odds ratio; CI, confidence interval.
* Significant predictors (P ≤ 0.05).
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species of intestinal parasites namely Giardia duodenalis,
Entamoeba histolytica/dispar, Crptosporidium spp.
and Enterobius vermicularis. Moreover, 7 patients were
Blastocystis-negative but infected with either Giardia
duodenalis or Entamoeba histolytica/dispar.
Symptoms
Most gastrointestinal symptoms reported by symptomatic
patients were nonspecific and included diarrhoea, abdom-
inal pain, flatulence, constipation, nausea, and vomiting.
The prevalence of Blastocystis infection was significantly
higher among the symptomatic subjects compared to
the asymptomatic subjects (35.3% vs 13.2%; x2 = 25.874;
P < 0.001). In the group examined, 64.3% (54/84) of the
Blastocystis-positive patients were symptomatic and 35.7%
(30/84) were asymptomatic. Blastocystis sp. represented
the only intestinal parasite in 51 of these symptomatic
patients. The common symptoms among patients infected
exclusively with Blastocystis sp. were abdominal pain
(76.4%), flatulence (41.1%) and diarrhoea (21.5%). More-
over, 5.8% and 3.9% of these patients had nausea/
vomiting and constipation, respectively. Twenty one of
the symptomatic patients (41.2%) had two or more GI
symptoms while 35.3% had only one symptom. Abdom-
inal pain (35.9% vs 14.9%; x2 = 22.023; P < 0.001) and
flatulence (49.1% vs 17.5%; x2 = 27.197; P < 0.001) were
the significant symptoms associated with Blastocystis
infection observed in the subjects studied (Table 2).
Discussion
In the present study, the prevalence of Blastocystis infec-
tion was 22.1%, which is within the range of the preva-
lence rate of previous studies in Libya [7,8,11,12]. The
prevalence of Blastocystis infection in Sebha was reported
to range between 18.5% and 26.2% [7,8]. Moreover, studies
from other regions of Libya have reported a prevalence of
29.6% in Sirt city [11] and 6.7% among schoolchildren in
Derna [12]. Most Libyan medical practitioners are not
familiar with Blastocystis infection in humans, eventhough Blastocystis infection was commonly found in hos-
pitalized patients. Moreover, knowledge on the epidemi-
ology and transmission of Blastocystis sp. is not widely
known and thus the laboratory detection of Blastocystis
sp. in stool samples is not routinely carried out.
Shedding of Blastocystis sp. from infected individuals
especially asymptomatic carriers could be a source of in-
fection in the region. An enormous increase of foreign
workers from neighbouring countries (mainly Egypt, Sudan
and Chad) and travellers may have contributed to the
high prevalence of intestinal parasites especially Blastocystis
sp. in the country. However, the prevalence of intestinal
parasitic infections is expected to increase due to the civil
unrest and war in Libya since early 2011. Although there
were other intestinal protozoa parasites found in these
participants, Blastocystis sp. was the most common. Other
intestinal protozoa found included Giardia duodenalis,
Cryptosporidium spp., Entamoeba histolytica, Entamoeba
coli (not reported in the results). Moreover, Enterobius
vermicularis was the only helminth detected in one patient.
It seems that the arid climate of the study area is not
favourable for the development of helminth parasites
which need either moist soil (such as soil-transmitted
helminths) or aquatic environment where intermediate
hosts such as snails, fish or aquatic plants can be found
(such as Schistosoma spp., Liver flukes, Diphyllobothrium
latum, . . .etc.) [13].
The present study is the first to provide information
about the predictors of Blastocystis infection in Libya.
Previous reports from different countries have shown
that Blastocystis infections are associated with several
factors such as the consumption of contaminated food
and water, close contact with animals, poor personal hy-
giene, inadequate sanitation, geographical distribution,
agricultural activities and seasonal influences [3,4,14-16].
Our findings showed that adult participants (aged ≥18 years)
were almost 4 times more likely to be infected with
Blastocystis sp. It was also found that males were more
prone to be infected than females. Several studies have
also reported a significantly higher prevalence in male
than female patients in Libya [8,17] and other countries
[5,18]. Outdoor activities by the adult males may also
explain the significantly higher prevalence of Blastocystis
infections among these groups. Previous studies have
found significantly higher infection rates in adults than
in children with the highest prevalence rate among
young adults aged between 18 and 30 years [1,19,20]. In
contrast, other reports found a higher prevalence rate in
children and females as compared to adults and males
[21-23]. Moreover, a recent study has reported a signifi-
cant reduction in the Blastocystis infection prevalence
rate in older children when compared with younger
children [9]. These contradictory findings suggest that
the distribution of Blastocystis infection shows spatial
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age and gender correlations identified in this study may
not represent physiological properties intrinsic to those
hosts, but rather may be caused by the variation in en-
vironmental conditions associated with age and gender.
In the same vein, the present study showed that occupa-
tional status of the participants was a significant predictor
of Blastocystis infection, with those employed having a
greater odds for infection compared to those unemployed.
The high prevalence rate among employed participants
may indicate a higher exposure to the source of infection
at the work places including the food and environment.
Supporting this conjecture, a high prevalence rate of
Blastocystis infection (35.5%) was reported among food
handlers in Libya [24].
Our findings showed a significant association between
the educational level of the participants and the preva-
lence of Blastocystis infection. Improvement of hygienic
conditions and sanitary practices with education is well
documented and several previous studies have identified
that the low level of education as a significant risk factor
of blastocytosis and other parasitic infections [3,25,26].
Another significant finding of the present study that was
associated with the risk of Blastocystis infection was the
family size. Participants belong to large families (≥7 mem-
bers) were at lower odds for Blastocystis infection compared
to those from smaller families. This finding is contrary
to previous studies that reported a significant associ-
ation between Blastocystis infection and the presence of
other infected family members [27] and this has been
attributed to the horizontal spread or the focal transmis-
sion of infection among family members in the vicinity of
the home. Nevertheless, these significant associations of
Blastocystis infection with the level of education and fam-
ily size were not confirmed by the multiple logistic regres-
sion analysis.
Blastocystis infection was noted to be transmitted through
the faecal-oral route [28], contaminated water [3,27], and
food [29,30]. The environmentally resistant cyst represents
the transmissible form of the parasite [4,31,32]. Drinking
contaminated water, especially surface water, was reported
to be a significant risk factor for Blastocystis infection
[3,14,27,33]. The current study found that all houses had a
piped water supply (groundwater) and almost two-thirds
of the participants use this water for drinking and other
domestic household purposes such as cooking without
any physical or chemical treatment. However, we found
no significant difference in the prevalence of Blastocystis
infection between those who use treated water and those
who use untreated water. This may indicate that the level
of Blastocystis contamination in groundwater is low. Data
about the presence of waterborne parasites in drinking
water and sewage in Sebha city are not available. Similarly,
the present study found no significant association betweenBlastocystis infection and contact with animals. A signifi-
cantly higher prevalence of Blastocystis infection among
people having close contact with animals was reported
by previous studies [15,16]. Molecular studies have also
showed that Blastocystis isolates from animals are found
in the human host [15,34,35]. Hence, the possibility of
waterborne zoonotic transmission of Blastocystis sp. was
highly suggested [16].
Sebha city has adequate public services and other in-
frastructure with the exception of health structures. It
was observed that the garbage and sewage from the city
are discharged without proper treatment in the nearby
desert land and this may have an influence on the con-
tamination of the environment with cysts of Blastocystis
sp. and other enteric pathogenic parasites (e.g. Crypto-
sporidium, Giardia). Moreover, this unhygienic practice
may facilitate the transfer of the infective stages through
wind into the food and environment. Besides, Blastocystis
infection was reported to be most common during sum-
mer [8], where, the hot and dry climate may increase the
transmission of the resistant forms (cyst or oocyst) of
enteric protozoa (especially Blastocystis sp.) in the dusty
environments of this city. This may be also partially
explain the higher prevalence in males, who work more
outdoors and therefore, have more exposure to the source
of infections compared to females.
Numerous studies have examined the pathogenic
potential of Blastocystis sp. by investigation its prevalence
in symptomatic and asymptomatic groups, and have thus
either supported or denied pathogenic significance of this
protozoan [21,36-38]. In the present study, we found a
strong statistical association between the infection and
the development of gastrointestinal symptoms (P < 0.001).
The most common symptoms in symptomatic patients
were abdominal pain 76.4%, flatulence 41.1%, and diar-
rhoea 21.5%. These findings are consistent with previous
studies [5,38,39]. In Saudi Arabia, abdominal pain (87.9%),
constipation (32.2%) and diarrhoea (23.4%) were reported
among 12,136 Blastocystis-infected patients [20]. More-
over, abdominal pain (76.9%), diarrhoea (50%) and disten-
tion (32.6%) were found to be associated with Blastocystis
infection among hospitalized children in Turkey [39].
Similarly, abdominal pain, recurrent diarrhoea, cramps,
anorexia, and fatigue were significantly associated with
Blastocystis infection among preschool children in Jordan
[5]. Moreover, the majority of the patients in our study had
two gastrointestinal symptoms, which is consistent with
several reports among patients infected with Blastocystis
sp. [6,18]. However, a previous report on the Blastocystis
associated symptoms among patients from Sebha city
found a higher number of diarrhoea cases followed by
abdominal pain, flatulence and nausea or vomiting [8].
It has been suggested that Blastocystis sp. may be an op-
portunistic pathogen in immunocompromised individuals
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[40,41]. However, the correlation between clinical symp-
toms and Blastocystis in immunocompromised individ-
uals could not be delineated and the possibility of other
unidentified etiological agents, especially viruses, toxins,
and non infectious causes could not be assessed. As a
limitation of the present study, data on the immuno-
logical status of the participants were not available. The
study may have incorporated a selection bias, as only
samples from patients submitted to the Sebha Central
Laboratory were examined. This limitation is difficult to
overcome, as collecting faecal samples from the general
population of this Libyan community has been found to
be difficult. However, Sebha Central Laboratory receives
samples from symptomatic and asymptomatic individ-
uals including those who come for routine medical
check ups requested by public and private organizations
and educational institutions. Thus, we may speculate
that the findings of the present study can be generalized
to the Sebha population. On the other hand, these find-
ings cannot be generalized to the entire Libyan popula-
tion. However, further studies are required to confirm
these conjectures.
Conclusions
This study reveals a high prevalence of Blastocystis in-
fection among individuals seeking health care in Sebha
city in Libya. The age of ≥18 years and occupational sta-
tus were the significant predictors of infection in this
population. A significant association between symptoms
and Blastocystis infections was reported. Detection of
Blastocystis sp. is not routinely performed in most Libyan
laboratories; hence, laboratory technicians need to be
trained in the detection of Blastocystis sp. in clinical sam-
ples. Further studies on animal and environmental isolates
are required to identify different transmission routes and
reservoirs of Blastocystis sp. In addition, more research
especially those that utilize advanced molecular tech-
niques are highly recommended in future attempts to
reveal the clinical significance of the different Blastocystis
sp. subtypes.
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